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Abstract

Background: Functional capacity assessment is a critical
step in the preoperative evaluation to identify patients at
increased risk of cardiac complications and disability after
major noncardiac surgery. Smartphones offer the potential
to objectively measure functional capacity but are limited by
inaccuracy in patients with poor functional capacity. Open-
source methods exist to analyze accelerometer data to esti-
mate gait cadence (steps/min), which is directly associated
with activity intensity. Here, we used an updated Step Test
smartphone application with an open-source method to an-
alyze accelerometer data to estimate gait cadence and func-
tional capacity in older adults. Methods: We performed a
prospective observational cohort study within the Frailty,
Activity, Body Composition and Energy Expenditure in Ag-
ing study at the University of Chicago. Participants complet-
ed the Duke Activity Status Index (DASI) and performed an
in-clinic 6-min walk test (6MWT) while using the Step Test

application on a study smartphone. Gait cadence was mea-
sured from the raw accelerometer data using an adaptive
empirical pattern transformation method, which has been
previously validated. A 6MWT distance of 370 m was used as
an objective threshold to identify patients at high risk. We
performed multivariable logistic regression to predict walk-
ing distance using a priori explanatory variables. Results:
Sixty patients were enrolled in the study. Thirty-seven pa-
tients completed the protocol and were included in the final
data analysis. The median (IQR) age of the overall cohort was
71 (69-74) years, with a body mass index of 31 (27-32). There
were no differences in any clinical characteristics or func-
tional measures between participants that were able to walk
370 m during the 6MWT and those that could not walk that
distance. Median (IQR) gait cadence for the entire cohort was
110 (102-114) steps/min during the 6MWT. Median (IQR)
gait cadence was higher in participants that walked more
than 370 m during the 6MWT 112 (108-118) versus 106 (96—
114) steps/min; p =0.0157). The final multivariable model to
identify participants that could not walk 370 mincluded only
median gait cadence. The Youden’s index cut-point was 107
steps/min with a sensitivity of 0.81 (95% Cl: 0.77,0.85) and a
specificity of 0.57 (95% Cl: 0.55, 0.59) and an AUCROC of 0.69
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(95% Cl: 0.51, 0.87). Conclusions: Our pilot study demon-
strates the feasibility of using gait cadence as a measure to
estimate functional capacity. Our study was limited by a
smaller than expected sample size due to COVID-19, and
thus, a prospective study with preoperative patients that
measures outcomes is necessary to validate our findings.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Functional assessment is a critical component of the
preoperative evaluation as it guides preoperative cardiac
testing and informs the prediction of morbidity, disabili-
ty-free survival, and discharge to post-acute care [1-5].
The 6-min walk test (6MWT) and Duke Activity Status
Index (DASI) are commonly studied and validated pre-
operative functional assessments [4, 6]. We previously
combined these assessments together in a smartphone
application (Step Test) to facilitate their clinical adminis-
tration as each takes time to administer in busy preopera-
tive clinics [7]. Step Test administers the DASI question-
naire and then instructs patients to perform a 6MWT.
The smartphone measures the number of steps walked
using the accelerometer and gyroscope during the 6SMW'T
and estimates the total number of steps walked. However,
our application demonstrated decreased accuracy in total
steps counted as compared to a research grade pedometer
and estimated distance walked in patients with poor func-
tional status [8, 9].

To overcome the accuracy limitations, we applied a
previously validated and open-source method, adaptive
empirical pattern transformation (ADEPT), to analyze
the accelerometer output and estimate steps walked from
the smartphone device during the 6MWT [10]. ADEPT
allows for adaptability to different walking stride patterns
to quantify cadence and overcomes the limitation of rely-
ing on commercial software to analyze acceleration data.
Additionally, rather than estimated distance walked, we
used gait cadence, defined as the number of steps walked
per minute, to serve as a measure of functional capacity.
Gait cadence is strongly associated with activity intensity
as a sustained gait cadence of 110 steps/min is associated
with 4 metabolic equivalents, a critical threshold for the
preoperative evaluation [11, 12]. Further, gait cadence
calculated using this software has demonstrated strong
associations with mobility, physical performance, and fa-
tigability measures in older adults [13]. Smartphones
have two distinct advantages as compared to physical ac-
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tivity trackers to perform preoperative functional assess-
ments. They have the ability to implement timed walk
tests to measure patients’ capability to increase activity
intensity and identify patients unable to reach 110 steps/
min and they facilitate the use of ADEPT to analyze ac-
celerometer output rather than the proprietary software
of the device. This is especially important as physical ac-
tivity trackers have demonstrated decreased accuracy in
ambulatory older adults [14].

In this work, we build upon our previous application
and describe our updated pilot study of Step Test. We hy-
pothesize that gait cadence will be able to accurately iden-
tify older adults with poor functional capacity as mea-
sured by the SMWT. To test our hypothesis, we adminis-
tered both measures using Step Test in a cohort of older
adults oversampled for frailty. We chose to implement
this study in a sample of older adults with poor function-
al capacity because they previously demonstrated de-
creased step count accuracy in our prior study.

Materials and Methods

Study Design and Population

This study was conducted as part of a larger prospective cohort
study performed at the University of Chicago called the Frailty,
Activity, Body Composition and Energy Expenditure in Aging
(FACE Aging) study. Older adults, 65 years of age or older, were
recruited from the community surrounding the University of Chi-
cago’s primary geriatrics practice site. Exclusion criteria included
hospitalization, surgery, or procedure within 2 months of enroll-
ing in the study; a change in thyroid (e.g., levothyroxine) or di-
uretic (e.g., furosemide, hydrochlorothiazide, or spironolactone)
medication dose within 2 months; use of oral steroids; use of
B-blocker (e.g., metoprolol, atenolol, or carvedilol); persistent hy-
perglycemia >250; life expectancy less than 1 year; and history of
moderate or advanced dementia or Montreal Cognitive Assess-
ment <18 of 30 points. Data collection for the FACE Aging study
occurred over multiple evaluations: (1) baseline survey and physi-
cal exam, and (2) a 1-year follow-up survey and physical exam. For
the current study, we recruited participants at the 1-year follow-up
evaluation in the FACE Aging study. Participants were provided a
USD 10 gift card for participation in the study procedures. This
study was approved by the University of Chicago Institutional Re-
view Board and informed written consent was obtained from all
participants prior to enrollment. This article adheres to the appli-
cable TREND guidelines for this nonrandomized study.

All adult patients presenting to the FACE Aging 1-year follow-
up were approached for enrollment unless they were nonambula-
tory or had an absolute contraindication to performing a 6MWT
such as unstable angina, myocardial infarction within 30 days,
resting heart rate >120 bpm, a systolic blood pressure >180 mm
Hg, or a diastolic blood pressure >100 mm Hg [15]. The use of as-
sistive walking devices such as canes, walkers, or other devices and
the use of supplemental oxygen were not contraindications for en-
rollment in the study. Participants were approached for enroll-
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ment in the study between August of 2019 and February of 2021.
The enrollment period was prolonged due to the COVID-19 pan-
demic.

Clinical Characteristics

A medical history, demographics, height, and weight were ob-
tained from the baseline FACE aging study visit. The Charlson
Comorbidity Index was calculated and used to estimate the comor-
bidity burden [16]. The 1-year FACE Aging assessment includes
the Fried frailty phenotype and Short Physical Performance Bat-
tery and the American Geriatrics Society fall risk questionnaire
consisting of two questions: (1) Have you had more than 2 falls in
the last 12 months? (2) Do you have difficulty with walking or bal-
ance? [17, 18].

Step Test Smartphone Application

Our previous Step Test application consisted of two primary
components: (1) DASI questionnaire and (2) 6MWT. Those com-
ponents remained the same for this study as described previously,
but the accelerometer output has been modified [7]. Previously the
CMPedometer class from Apple’s Core Motion framework was
used to estimate a step count based on data retrieved from the de-
vice’s motion coprocessor. The coprocessor records data from the
device’s sensors, including the raw accelerometer and gyroscope
data. However, those methods are proprietary, and their algo-
rithms are unknown to researchers. Therefore, we were unable to
comprehensively evaluate the performance and characteristics of
how the application generated the step count.

In this work, ADEPT was used to analyze the raw accelerom-
eter output from the smartphone [10]. ADEPT is a statistical pat-
tern recognition method optimized for precise (at sub-second lev-
el) identification of start time and duration of individual walking
strides in raw accelerometry data. The method uses a predefined
template and detects its repetitions in the data set by maximizing
the local correlation between a collection of scale-transformed
templates and the data. The ADEPT algorithm has been previ-
ously validated and is freely available for download as an adept R
package [19]. Following the ADEPT paper recommendations, in
our application, a one-dimensional vector magnitude summary of
three-dimensional raw acceleration data was used for strides iden-
tification. All ADEPT segmented strides were validated for cor-
rectness by visual inspection by the study team (D.R., S.R.). The
first 20 s of data from each 6MWT were excluded from analysis to
allow each patient to reach a steady state of walking [20]. Thus, we
only estimated gait cadence for 5 of the minutes of the 6MWT, ex-
cluding the final 40 s. ADEPT-derived duration of each segmented
stride, expressed in seconds, was converted to cadence (steps/
min). Finally, a median of cadence values was computed separate-
ly for each participant [10].

Six-Minute Walk Test

The 6MWT was administered by the same research assistant
according to the American Thoracic Society guidelines which in-
cluded the script detailing the instructions on how to perform a
6MWT and voice prompts at each minute during the test [15]. An
indoor 30-meter track in a hallway was used to administer the test.
Encouragement was not provided during the test. The same iPhone
8 (Apple, Cupertino, CA, USA) was used to standardize the device
for all the SMWT. The smartphone was then placed in either the
patient’s front pants pocket or attached to a waist belt using a belt
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clip (Stalion Secure Belt Clip Holster; Stalion®), depending on pa-
tient preference. Participants were allowed to choose the wear lo-
cation as prior studies have not identified any differences between
the hip and pocket during timed walk tests [8]. Upon completion
of the test, the research personnel would directly measure the total
distance walked and confirm that the results of the Step Test ap-
plication had been successfully sent securely to a University of Chi-
cago server.

Outcome

The primary outcome was defined as whether a patient walked
a distance farther than 370 m during the in-clinic 6MWT. This
distance was used as this threshold identifies patients at risk of
perioperative cardiac events and disability-free survival after ma-
jor noncardiac surgery [4].

Sample Size and Power Analysis

The primary outcome was a 6MWT distance walked greater
than 370 m. While the mean (standard deviation) walking dis-
tance for preoperative patients was 473 (98) m, we estimated that
the mean for our population would be lower since it is older and
has a higher comorbidity burden [4]. Given our patient popula-
tion, we estimated that the probability of walking 370 m would be
50% and that the median gait cadence for older adults would be
115 steps/min [21]. Thus, older adults with an slower cadence
(=100 steps/min) would have a probability of 30% to achieve the
same distance. Thus, we estimated that a sample size of 60 par-
ticipants would yield a power of 80% at significance level alpha =
0.05, using powerlog in STATA. Due to enrollment difficulties
secondary to the COVID-19 pandemic, we were only able to en-
roll 45 participants with 37 participants included in the final anal-
ysis, and thus only have estimated power of 60% to detect a 20%
difference.

Statistical Analysis

First, sample summaries of data set variables were computed.
Categorical variables are reported as a number and percentage;
continuous variables are reported as a mean and standard devia-
tion or median and interquartile range (IQR) if the variable values
were not normally distributed. The Shapiro-Wilk test and histo-
gram plots were used to assess for normality of the distributions.
Differences between groups of participants based on 6MWT dis-
tance were evaluated using y? tests or Wilcox rank-sum method.

A multivariable logistic regression was used to predict whether
a patient was able to walk 370 m during the 6MWT. Three differ-
ent versions of the model were considered which varied in the set
of explanatory variables used: (1) median gait cadence only; (2)
median gait cadence, height; (3) DASI score only. The median gait
cadence, height, and DASI score variables were a priori deter-
mined to impact 6MWT distance. A receiver operating character-
istic (ROC) curve was used to assess the predictive performance of
the models. The Youden’s index was used to identify the cutoff on
logistic regression probabilities that maximized sensitivity and
specificity. A two-sided test assuming statistical significance level
alpha = 0.05 was used to determine statistical significance of mod-
el coefficients. R software was used for accelerometer output anal-
ysis and STATA 15 was used for all the remaining part of data
analysis.
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Table 1. Demographics and patient characteristics

Characteristics Entire cohort Short 6MWT distance Long 6MWT distance  p value
N=37 N=21 N=16
Age, median (IQR), years 71 (69-74) 70 (69-73) 72 (69-76) 0.229
Sex, n (%)
Male 5(13) 2(10) 3(19) 0.416
Female 32(87) 19 (90) 13 (81)
BMI, median (IQR) 30.5 (26.6-32.3) 31.6 (30.0-35.9) 28.1 (26.3-30.6) 0.067
Height, m 1.63 (1.89-1.69) 1.62(1.58-1.67) 1.67 (1.61-1.70) 0.160
Weight, kg 83 (72-89) 84 (73-93) 82 (72-85) 0.348
Race
White 1(3) 0 1(6) 0.245
African American 36 (97) 21 (100) 15 (94)
Walking assist device (cane, walker) 4 3 1 0.435
Functional measures
Short physical performance battery 11(10-12) 11(10-12) 11(10-12) 0.181
Physical frailty
Not frail 17 (46) 9(43) 8 (50) 0.224
Pre-frail 19 (51) 11 (42) 8 (50)
Frail 1(3) 1(5) 0
Charlson comorbidity score (IQR) 1(0-1) 1(0-2) 0(0-1) 0.033
Fall screen 8 (22%) 6 (29%) 2 (13%) 0.239
Median gait cadence (steps/min) 110 (102-114) 106 (96-114) 112(108-118) 0.009

BMI, body mass index.

Approached for
Enrollment
n=60

—| Declined to participate: n=15 |

Enrolled
n=45

Did not complete 6MWT: n=4
No data transmission: n=4

Included in
analysis:
n=37

Fig. 1. CONSORT diagram that illustrates patient enrollment
throughout the study. 6MW'T, 6-min walk test.

Role of Funding Source

The Carol and George Abramson fund for aging and longevity
funded the updated build and study phones that were used for this
pilot study. The funding agency had no role in study design, data
collection, data analysis, data interpretation, writing, or submis-
sion of the report.
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Results

A total of 45 participants were enrolled in the study.
Enrollment began on August 28th, 2019, and was paused
on March 16th, 2021, after enrolling 29 participants due
to the COVID-19 pandemic. We began enrollment again
on August Ist, 2020, and continued until February of
2021 where we enrolled the final 16 participants. Figure 1
details the enrollment procedures. Of the 45 participants
that were enrolled 4 were unable to complete the walk and
thus have incomplete data. One participant fell during the
walk. The participant did not disclose to our study nurse
that he required a walking device (nor did the participant
bring the device) during walking and did not use a device
during the 6SMW'T despite asking about assistive devices
as part of our study protocol. The patient was seen by a
healthcare provider and no injury was sustained. The
event was promptly reported to the IRB and we were al-
lowed to continue enrollment without modifying any ad-
ditional study procedures. Furthermore, there were 3 er-
rors in data transmission and ADEPT was not able to
identify walking strides successfully for 1 patient’s data.
The final cohort used in the statistical analysis included
37 participants.
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Fig. 2. a, b Median gait cadence stratified 0
by walking distance (370 m). Patients who 1 2 3 A 5
walked more than 370 meters had a higher time
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is the group of patients that walked >370 m b +———— Upper_Bound/Lower_Bound Median_Gait_Cadence
during the 6SMWT and is the group of pa-
tients that walked <370 m (b).

Patient characteristics are shown in Table 1. The me-
dian (IQR) age of the overall cohort was 71 (69-74) years,
with a body mass index of 31 (27-32). African American/
Black women made up most of our cohort (85%) as the
local community around the University of Chicago is pre-
dominantly African American. There were no differences
in any clinical characteristics or functional measures be-
tween participants that were able to walk 370 m during
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the 6BMWT and those that could not walk that distance.
Median (IQR) gait cadence for the entire cohort was 110
(102-114) steps/min during the 6MWT. The minute-lev-
el aggregates of cadence estimates for the two groups can
be seen in Figure 2a, b. Median (IQR) gait cadence was
higher in participants that walked more than 370 m dur-
ing the 6SMWT 112 (108-118) versus 106 (96-114) steps/
min; p = 0.016.
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Table 2. Model and AUC for the receiver operating characteristic for the 3 models that were tested to predict 6MWT distance threshold

pvalue AUC (95% Cl)

95% Cl

pvalue AUC (95% Cl) Model 3

95% Cl

Model 2

pvalue AUC (95% Cl)

95% Cl

Model 1

Variable

B-coefficient

B-coefficient

B-coefficient

0.640 (0.457, 0.822)

0.810 (0.669, 0.950)

0.066,0.579 0.014

0.734(0.571,0.900) 0.323

0.028,0.369 0.023

0.198

Median gait cadence (steps/min)

Height (m)
DASI score

1.06,22.28 0.031

11.67

0.049

—-0.001,0.107 0.103

0.215). Cl, confidence interval; 6MWT, 6-min walk test; DASI, Duke Activity Status

There was no difference between the AUCs of all the models in the ability to predict patients that would walk >370 m during 6MWT (p

Index; AUC, area under the curve.
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We performed logistic regressions to identify indepen-
dent variables that were predictive of 6MWT distance.
Table 2 shows the summary of the three logistic regres-
sion models that used various combinations of median
gait cadence, height, and DASI scores as explanatory vari-
ables and used 6MWT distance-based-group assign-
ments as the outcome. The model that included only the
DASI score was not significant (f-coefficient, 95% CI)
(0.049,-0.001, 0.107; p = 0.103), whereas the models that
included median gait cadence and height were signifi-
cant. Figure 3 illustrates the ROC curves and the model
that included median gait cadence (Model 1) alone was
not inferior to the model that included median gait ca-
dence and height (Model 2) (p = 0.291). The Youden’s
index for Model 1 identified a cut-point of 107 steps/min
as the optimal cut-point with a sensitivity of 0.81 (95% CI:
0.77, 0.85), a specificity of 0.57 (95% CI: 0.55, 0.59), and
an AUCROC of 0.69 (95% CI: 0.51, 0.87) to identify par-
ticipants that cannot walk at least 370 m duringa 6MWT.

Discussion

In this prospective cohort of older adults, median gait
cadence captured using a smartphone application during
the SMWT and calculated using an open-source process-
ing method was significantly lower among older adults
unable to walk at least 370 m. A gait cadence of 107 steps/
min during a 6MWT distinguished older adults with an
inability to walk a minimum functional threshold of 370
m with reasonably high sensitivity (80%) and modest
specificity (57%). We used Youden’s Index to determine
the optimal gait cadence that provided the best balance of
sensitivity and specificity. As our smartphone application
is a screening test to identify high-risk surgical patients.
As a screening, prioritizing sensitivity is favored; how-
ever, often at the expense of specificity as in our study.
Therefore, all patients screening “positive” using this app
would need further confirmation of their functional risk
by doing in-person objective testing like the 6SMWT. Fu-
ture studies may be required to recalibrate the sensitivity
and specificity to determine the optimal gait cadence to
identify at-risk patients. Our results are limited by a small
sample size that was secondary to the ongoing COVID-19
pandemic as we could not reach our target number of
participants. A larger prospective cohort with periopera-
tive patients is still necessary to confirm our findings and
confirm the optimal gait cadence threshold to identify pa-
tients at risk of moderate-to-severe major complications
after noncardiac surgery.
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Gait cadence measured from a smartphone during a
timed walk test provides a novel objective functional as-
sessment. Walking is the most frequent physical activity
performed by older adults and walking intensity provides
a measure of functional capacity. Step-based metrics gen-
erated from wearable devices, such as smartphones and
smartwatches, have focused on daily step count or dis-
tance walked as measures of functional assessment [8, 22—
24]. However, step counts and distance walked represent
the volume of an activity (walking) but do not necessarily
reflect the intensity of that activity, which is at the core of
functional assessments before surgery. Gait cadence is a
functional measure that is positively correlated with ab-
solute activity intensity such that an increase in cadence
is associated with an increase in absolute activity inten-
sity [12]. In a recent prospective cohort of older adults,
gait cadence was strongly predictive of absolute activity
intensity independent of sex, age, or leg length [12]. Fur-
ther, a gait cadence of 110 steps/min identified absolutely
defined moderate-intensity activity (>4 metabolic equiv-
alents) mirroring our 107 steps/min as the optimal cut-
point to identify decreased walking capacity [12]. The use
of gait cadence as a functional assessment tool can im-
prove upon the 6MWT distance as there is no need to
adjust distance estimates for older, shorter or female pa-
tients that have been shown to have shorter stride lengths
[25].

The use of smartphones also enables data collection to
occur outside of the clinical setting. Developing ap-
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proaches to improve performance of functional assess-
ments before surgery is critical as currently less than 10%
of older adults receive functional assessments prior to
surgery [26]. Our approach uses existing patient-owned
technology and while our original application used iOS it
can be adapted to Android devices. To improve perfor-
mance of objective functional assessments, our next steps
include deploying our smartphone application to patients
before their in-clinic appointment. Patients will perform
a timed walk test in a long hallway and gait cadence will
be measured during the walk using the application. The
results can be used during the in-clinic visit to guide fu-
ture testing and consideration of prehabilitation before
surgery. Gait cadence is also an easy metric for patients to
understand and could help communicate prehabilitation
intensity targets to them [27]. Gait cadence during a
timed walk may be an ideal metric to increase perfor-
mance of objective preoperative functional assessments.
Our approach of using an open-source software to per-
form accelerometer analysis advances the field of wear-
ables as it does not rely on proprietary algorithms from the
device makers [28]. Specifically employing the ADEPT
method overcomes two distinct challenges with wearable
activity monitors (1) ability to generalize across studies
that use different devices and (2) the ability to adapt the
analysis to patients with poor functional status. Prior
studies that have used wearables in the perioperative pe-
riod have used data analysis for the accelerometer output
provided by the wearable device manufacturer or using
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proprietary software algorithms [24, 29]. Apple has devel-
oped traditional functional capacity metrics, such as peak
oxygen consumption and 6MWT distance, that use pas-
sive data collection from the Apple Watch to provide es-
timates of functional capacity. These metrics do not re-
quire the user to perform a 6MWT, rather the device will
estimate the expected distance based on user activity using
proprietary algorithms produced by Apple. The major
limitation of these approaches is that the analysis from the
device is not known to researchers or clinicians and can
be subject to change over time depending on the compa-
ny. Further, this limits the generalizability of any finding
across devices as differences in analysis may lead to differ-
ent results. This is critical as certain devices (e.g., Apple
Watch) may be out of financial reach for many patients to
adopt and so creating a generalizable platform to perform
these objective functional assessments is essential to adop-
tion. Our work used ADEPT, a previously validated soft-
ware platform, to analyze raw accelerometer output sam-
pled at a frequency of 30 Hz, which is a sampling frequen-
cy easily obtainable by many wearable accelerometers.
The use of a data analysis method that can be applied to
all the different wearable devices and is not dependent on
device software greatly improves generalizability.

The other advantage of our approach is the ability to
adapt stride pattern recognition among patients with
poor functional capacity. For this study, ADEPT auto-
matically identified individual stride patterns in raw ac-
celerometry data of older adults, followed by manual vi-
sual inspection-based validation of all segmented strides
done by study personnel (D.R., S.R.) to ensure that the
stride patterns were valid for each walk. This approach
was critical as the proprietary software from smartphones
underperformed when tested in participants with slower
walking speeds, as we demonstrated in our previous ap-
plication and has been demonstrated in other studies [7,
9]. In our cohort, 1 patient was not included in the final
analysis as ADEPT was unable to appropriately segment
walking strides. The participants gait consisted of a high-
ly variable shuffling pattern such that individual strides
were not able to be segmented. We believe the inability
for ADEPT to segment this patient’s gait pattern confirms
our approach as this would be a sign of poor functional
status as the patient’s 6 MW distance was only 106 m.

We have identified the following limitations in our
study. We did not evaluate our application in a preopera-
tive population of older adults and thus cannot generalize
our findings to that population. We chose the FACE Ag-
ing cohort as it includes older adults with poor functional
capacity and the ideal population to test whether our ap-
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proach is feasible and accurate in that patient population.
A larger study that involves patients presenting for major
noncardiac surgery is warranted to confirm our findings
that gait cadence can serve as a measure of functional sta-
tus to identify high-risk patients. Further, it remains un-
clear whether our threshold of 107 steps/min will identify
patients at risk of complications after surgery. While this
threshold is associated with moderate-intensity activity, it
remains unclear what the optimal threshold is to identify
high-risk perioperative patients. Additionally, while a
short 6sMWTT test distance is associated with 30-day recov-
ery, 12-month disability-free survival, and cardiovascular
outcomes from the METS trial, we cannot generalize that
gait cadence will also be associated with those outcomes.
Finally, the within-person measurement reliability of gait
cadence between different 6MWT in the same patient
cannot be inferred from our study. We measured gait ca-
dence during a single in-clinic 6MWT, and it remains un-
clear how consistent median gait cadence is across differ-
ent timed walks in the same patient. Future studies are
needed to determine the consistency of gait cadence.

Conclusion

Gait cadence during a 6MWT performed moderately
well to identify participants that cannot walk farther than
370 m. Additional studies are still needed to clarify the op-
timal cut-points of gait cadence to identify high-risk pa-
tients and to determine whether walk tests can be per-
formed outside of the clinic environment and generate sim-
ilar results. Smartphone-based gait cadence is an objective
functional capacity assessment that may inform manage-
ment during preoperative clinic visits and potentially iden-
tify high-risk patients in the perioperative period.
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