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Abstract

Objective: To investigate if in-clinic measures of physical function and real-world measures of physical behavior and mobility
effort are associated with one another and to determine if they predict future hospitalization in participants with chronic
kidney disease (CKD).

Methods: In this secondary analysis, novel real-world measures of physical behavior and mobility effort, including the best
6-minute step count (B6SC), were derived from passively collected data from a thigh worn actigraphy sensor and compared
to traditional in-clinic measures of physical function (e.g. 6-minute walk test (6MWT). Hospitalization status during 2 years of
follow-up was determined from electronic health records. Correlation analyses were used to compare measures and Cox
Regression analysis was used to compare measures with hospitalization.

Results: One hundred and six participants were studied (69 ± 13 years, 43% women). Mean ± SD baseline measures for
6MWT was 386 ± 66 m and B6SC was 524 ± 125 steps. Forty-four hospitalization events over 224 years of total follow-
up occurred. Good separation was achieved for tertiles of 6MWT, B6SC and steps/day for hospitalization events. This pattern
persisted in models adjusted for demographics (6MWT: HR = 0.63 95% CI 0.43–0.93, B6SC: HR = 0.75, 95% CI 0.56–1.02 and
steps/day: HR = 0.75, 95% CI 0.50–1.13) and further adjusted for morbidities (6MWT: HR = 0.54, 95% CI 0.35–0.84, B6SC: HR
= 0.70, 95% CI 0.49–1.00 and steps/day: HR = 0.69, 95% CI 0.43–1.09).

Conclusion: Digital health technologies can be deployed remotely, passively, and continuously to collect real-world measures
of physical behavior and mobility effort that differentiate risk of hospitalization in patients with CKD.
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Introduction
Patient focused medicine is a shift to systematically
putting patient perspectives at the center of drug develop-
ment and clinical care. At a fundamental level, this
requires developing and validating clinical outcome mea-
sures that reflect aspects of health that are meaningful to
patients. The 21st Century Cures Act, passed in 2016,
spurred this paradigm shift and opened the door for real-
world data (RWD) collected outside of a clinic setting to
be used to develop a new class of digital clinical measures
that are objective, sensitive, clinically relevant, and mean-
ingful to patients.1 The current COVID-19 pandemic has
further accelerated this shift and forced previously reluc-
tant drug developers to embrace pragmatic trials that
place less emphasis on traditional in-clinic assessments
and leverage RWD to ensure continued participant over-
sight.2–5.

Measures of real-world physical behavior and mobility
effort derived from wearable actigraphy sensors are one
of the most promising examples of how RWD can
provide a more comprehensive and ecologically valid
representation of disease manifestation and health status.6

Importantly, such measures can be captured remotely, pas-
sively, and continuously to generate large amounts of
objective RWD that directly or indirectly represent a
patient’s physical functioning in their own real-world envir-
onment.7,8 This is a departure from the status quo where
physical function outcome assessments have historically
relied on subjective report (from the patient, caregiver, or
clinician) or standardized in-clinic performance tests.
Subjective assessments have the benefit of directly survey-
ing physical function within a range of relevant contexts,
but their reliability compared to objective measures can
be limited by reporting bias. Conversely, objective perform-
ance tests assess physical function within a single structured
and standardized environment that does not reflect patients’
real-world environments.

Novel, real-world assessments of physical behavior and
mobility effort passively measured as patients go about
their daily lives can complement existing physical function
assessments and/or be used when existing methods are
inappropriate or not feasible.9–12. For example, existing
in-clinic performance-based tests are designed to reflect or
mimic movements (e.g. walking, sit-to-stand transitions,
etc.) needed to complete common activities of daily
living. Wearable actigraphy sensors combined with
advanced analytics can now be used to assess if and how
these same movements are being performed in a patient’s
own real-world environment. While such measures
provide a peak into a patient’s lived experience, there is a
lack of consensus on their true meaning and clinical rele-
vancy across therapeutic areas. Thus, significant work
remains to develop and define fit-for-purpose13–16 measures

that accurately capture concepts of interest and are clinic-
ally relevant.

The purpose of this investigation was to gain insight into
the clinical utility of real-world measures of physical behav-
ior and mobility effort passively collected as participants go
about their daily lives. In this secondary analysis, we lever-
aged an existing dataset from a sample of participants with
chronic kidney disease (CKD), a condition that known to
induce severe and prevalent physical dysfunction.17

Specifically, we investigated how real-world measures of
physical behavior and mobility effort correlated with
accepted in-clinic physical function performance tests and
whether real-world or in-clinic assessments predicted
hospitalization.

Methods
This is a secondary analysis of baseline and follow-up data
from the Sit Less, Interact, Move More (SLIMM) pilot
study (NCT02970123). For a detailed description of the
SLIMM study see Lyden et al. (2021).18 The SLIMM
study was a 24-week, single center, pilot, open-labeled, ran-
domized controlled trial conducted at The University of
Utah and sponsored by National Institute of Diabetes and
Digestive and Kidney Diseases. The study was approved
by the University of Utah Institutional Review Board. All
participants provided written informed consent.

Study population

Trained study staff at The University of Utah recruited par-
ticipants from March 23, 2017, through December 15,
2018. Potential participants were approached during clinic
visits or through an opt-in letter mailed to a list of potential
participants identified through the University of Utah elec-
tronic medical records as approved by the Institutional
Review Board. Participants were required to meet the fol-
lowing inclusion criteria: (1) CKD (stage 2 CKD with
eGFR 60 to <90 ml/min/1.73 m2 with urine albumin/cre-
atinine ratio > 30 mg/g or stage 3 or 4 CKD with eGFR
15 to <60 ml/min/1.73 m2 or on maintenance hemodialysis
or kidney transplant), (2) BMI 25.0 to 39.9 kg/m2 and (3)
able to perform the SLIMM intervention (gait speed≥
0.7 m/s and able to walk≥ 250 m in 6 minute walk test).
Pregnancy, incarceration, life expectancy <1 year in the
opinion of the primary provider, unlikely to comply with
research protocol, inability to obtain accelerometer data
before randomization, enrolled in interventional trials
using drugs or devices, and inability to ambulate were
exclusion criteria.

Accelerometry

Prior to randomization, study participants wore the
activPAL™ (PAL Technologies, Glasgow, Scotland)
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activity monitor for 24 hours/day and for 7 consecutive
days in their free-living environments. Previous studies
validated the use of activPAL™ in measuring sedentary
behavior, physical activity and stepping behavior.19–23.

Although not specifically validated in patients with CKD,
the activPAL™ has been validated in clinical populations
with low physical function and mobility and has been
extensively used to study real-world behavior in
these populations.18,24–26. The small (23.5 × 43 × 5 mm)
and lightweight (9.5 g) accelerometer was attached
directly to the skin on the midline of the thigh halfway
between the hip and the knee, using a non-allergenic
adhesive pad. Data were sampled at 20 Hz across a range
of −2 to +2 g. The thigh wearing location allowed the
assessment of detailed metrics of posture (lying, sitting,
standing, stepping), physical activity intensity and
transitions from sitting to standing. Following best practice,
a valid day of measurement was defined as ≥10 waking
hours of valid data.27 To be included in analyses, at least
4 valid days, with at least 1 day being a weekend day,
were required.

Randomization and SLIMM intervention

Details of SLIMM randomization and intervention proce-
dures have been published28 and more details are provided
in the supplemental material. Briefly, eligible participants
were block randomized to either standard of care (SOC)
or SLIMM intervention. SOC participants were encouraged
to achieve federally recommended physical activity
guidelines.29 Participants assigned to the SLIMM
intervention were instructed to get up from sitting or
lying postures while awake at least once per hour and to
engage in light intensity activities. SLIMM participants
underwent extensive education and were provided indivi-
dualized strategies based on their own real-world behavior
on how to replace sedentary time with light intensity
walking.

Physical function

The exact definition of physical function has been debated
for years and many different terminologies have been used
to describe the same concept.30–33. For the purposes of this
manuscript, physical function is defined as the ability to
perform both basic and instrumental activities of daily
living34 and is assessed using objective, in-clinic perform-
ance tests.

In-clinic physical function was assessed using the
6-minute walk test (6MWT), 4-m gait speed test and
shuttle test. Tests were performed following standardized
procedure28 and more details are provided in the
supplemental material.

Real-world mobility effort

Two real-world measures of mobility effort were derived
from daily accelerometer data. The motivation for investi-
gating the two measures selected was that they (1) have par-
allels to commonly used in-clinic performance tests of
walking capacity (e.g. 6MWT, gait speed) and sit-to-stand
body transfers (e.g. timed-up-and-go), both of which have
been shown to differentiate patients with CKD who have
difficulties with activities of daily living and those at
increased risk for mortality,17,35–41 and (2) they are easily
measured using a single wearable actigraphy sensor that
is acceptable to patients with CKD and can accurately
capture other meaningful physical behaviors.28

• Best 6-minute step count (B6SC) was defined as the
number of steps during the most active continuous
6-minute period that the activPAL™ monitor was
worn. B6SC was derived using a proprietary sliding
window algorithm included in the activPAL™ analysis
software.42 A priori, we used B6SC as the primary
measure of real-world mobility effort as this domain
conceptually corresponds to the in-clinic 6-minute
walk distance. It was hypothesized that higher B6SC
in the real-world corresponds to higher physical
function.

• Rise time was defined as the average time to rise from a
seated or lying position to a standing one. Rise time was
derived using a proprietary algorithm included in the
activPAL™ analysis software.42 It was hypothesized
that longer rise time corresponds to lower physical
function.

Real-world physical behavior

Three common measures of physical behavior were derived
from daily accelerometer data. To account for confounding
effects of non-wear and sleep time, we normalized physical
behavior duration for each time domain variable to 16
waking hours per day by the following formula: (total activ-
ity duration recorded per day in minutes divided by total
waking wear time per day in minutes) × 60 × 16.43,44

• Step count—the median number of steps accumulated
per day.

• Sedentary minutes per day—the average number of
minutes per day spent performing sedentary behaviors
during waking hours. Sedentary behavior was defined
as time spent in a lying or seated position with energy
expenditure less than 1.5 METs.29 It was hypothesized
that more sedentary minutes per day corresponds to
decreased physical function.

• Moderate-to-vigorous physical activity (MVPA) minutes
per day—the average number of minutes per day spent
performing MVPA during waking hours. MVPA was
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defined as time spent in activity of at least 3 METs.29 It
was hypothesized that more MVPA minutes per day cor-
responds to increased physical function.

Hospitalizations

University of Utah Electronic Medical Records systems
were used to track hospitalizations between randomization
and an administrative censoring date of June 30th, 2021.
Our main outcome was time from randomization until
first hospitalization. Participants were censored at the
administrative censor date of June 30th, 2021, last date of
EMR encounter, or death.

Statistical methods

Baseline characteristics were compared between tertiles of
B6SC using one-way ANOVA for continuous measures and
Pearson’s Chi-squared test for categorical variables. Pairwise
correlations were calculated between baseline measures of
physical function. Histograms were checked to ensure appro-
priate normal distribution of baseline characteristics.

Kaplan–Meier failure for hospitalization was plotted by
tertiles of each of the baseline physical function character-
istics. We next investigated if each of the physical function
characteristics predicted hospitalizations using multivariate
Cox proportional hazard regressions. The first model was
adjusted for age, gender, race, and the SLIMM intervention
group. The second model additionally adjusted for
smoking, alcohol use, CKD, diabetes, coronary artery
disease, hypertension, congestive heart failure, peripheral
vascular disease, and BMI. Schoenfeld residuals were
tested for proportionality and no abnormalities were
detected. Analysis was performed using Stata/MP 15.1.

Results

Participant characteristics

Baseline assessments and follow-up data were analyzed
106 participants who took part in the SLIMM pilot study.
Mean age was 69 ± 13 years, 43% were women and 90%
were Caucasian. The baseline distribution of CKD stages
was 5% stage 2, 38% stage 3A, 37% stage 3B and 21%
stage 4/5 or end stage kidney disease (ESKD). In this
older adult population with CKD, baseline physical func-
tion was relatively low with a mean 6-minute walk distance
of 386 ± 66 m, gait speed of 1.1 ± 0.2 m/s and shuttle
walk distance of 251 ± 118 m. Study participants spent
most of their awake time sedentary (648 ± 128 minutes/
day) and were modestly active with MVPA duration of
18 ± 32 minutes/day and 5272 median (3943–7189)
steps/day. The baseline B6SC was 524 ± 125 steps, and
the average rise time was 0.96 ± 0.19 seconds.

Table 1 summarizes participant characteristics by tertiles
of B6SC. While demographics and trial assignment were
similar across baseline B6SC tertiles, BMI and prevalence
of type 2 diabetes were lower and the MVPA duration
and the number of steps/day were higher in the highest
versus the lowest tertile of B6SC. Supplemental Table S1
summarizes baseline characteristics by whether they were
subsequently hospitalized or not.

Correlations of in-clinic and real-world measures

B6SC had low positive correlations with in-clinic physical
function measures; 6-minute walk distance (ρ= 0.26, p =
0.007), 4-m gait speed (ρ = 0.20, p = 0.04) and shuttle
walk test (ρ= 0.29, p = 0.003) (Table 2). Rise time had
low negative correlations with the in-clinic measures;
6-minute walk distance (ρ= -0.26, p = 0.010), 4-m gait
speed (ρ= -0.23, p = 0.02) and shuttle walk test (ρ=
-0.22, p = 0.03). Sedentary duration was not correlated
with in-clinic physical function measurements, while
MVPA and the number of steps/day had modest correlation
with in-clinic 6-minute walk distance (Table 2).

Probability of hospitalization

The average follow-up duration was 2.1 ± 1.2 years with 8
deaths. There were 44 hospitalization events over 224
person-years of total follow-up. Unadjusted associations
of tertiles of in-clinic and real-world measures with hospi-
talization are presented in Figure 1. Within each domain,
tertiles of 6-minute walk distance (Figure 1(a)), B6SC
(Figure 1(b)) and steps/day (Figure 3(c)) achieved the
best separation for hospitalization events.

Cox regression models are illustrated in Figure 2(a) and
2(b). In a model adjusted for age, gender, race and SLIMM
intervention group, each SD increase in 6-minute walk dis-
tance was significantly associated with lower risk of hospital-
ization (hazard ratio (HR) 0.68 (95% confidence interval (CI)
0.49–0.96). This remained significant with further adjustment
for smoking, alcohol use, CKD stages, diabetes, hyperten-
sion, heart failure, peripheral vascular disease, and body
mass index (HR 0.63, 95% CI 0.43–0.93). In corresponding
models, hospitalization hazard ratios for each SD higher
B6SC (HR 0.75, 95% CI 0.56–1.02 and HR 0.70, 95% CI
0.49–1.00) had similar magnitude of associations with hospi-
talization, however, statistical significance was marginal.
Physical behavior measures (steps, sedentary duration, and
MVPA duration per day) were non-significantly associated
with lower risk of hospitalization (HR 0.75, 95% CI 0.50–
1.13 and HR 0.69, 95% CI 0.43–1.09).

Discussion
In this secondary, retrospective analysis of the SLIMM trial,
the traditional in-clinic 6MWT, the novel real-world
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Table 1. Participant characteristics by tertiles of best 6-minute step count (B6SC).a

B6SC 202–466 N = 36 B6SC 468–584 N = 35 B6SC 602–744 N = 35 p-Value

Best 6-minute step count 385 ± 68 526 ± 39 664 ± 41

Demographics/Trial characteristics

Age, years 70 ± 11 68 ± 11 69 ± 17 0.85

Female, n (%) 42 51 34 0.35

White, n (%) 89 89 91 0.91

Hispanic, n (%) 6 6 9 0.85

Some college or more, n (%) 92 86 89 0.73

Randomization group 0.35

Standard of care 50 57.1 40

SLIMM 50 42.9 60

Clinical characteristics

Type 2 diabetes, n (%) 50 26 26 0.044

Coronary artery disease, n (%) 25 23 14 0.50

Hypertension, n (%) 86 80 80 0.74

Congestive heart failure, n (%) 8 14 3 0.23

Peripheral vascular disease, n (%) 8 3 3 0.45

Chronic lung disease, n (%) 17 23 29 0.49

History of cancer, n (%) 39 43 37 0.88

Ever smoked, n (%) 42 37 37 0.90

Past or current alcohol, n (%) 56 60 54 0.88

CKD EPI eGFRb 45.4 ± 12.9 42.7 ± 12.2 45.3 ± 13.6 0.65

CKD stages (%) 0.67

2 8 0 6

3A 36 37 40

3B 42 37 31

4 3 11 6

5 11 14 17

(continued)
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measure B6SC, and real-world step count achieved good
separation for hospitalization events in patients with
CKD. Although the small sample size and brief follow-up
period limit this to a proof of principle study, the novel

finding was that real-world measures of physical behavior
(step count) and mobility effort (B6SC), which are pas-
sively measured from a body worn accelerometer as indivi-
duals go about their daily lives, provide additional
information not captured by in-clinic assessments of phys-
ical function and warrant further investigation. Findings
also confirm existing evidence to support the clinical
utility of the 6MWT in patients with CKD.

To gain insight into how novel real-world measures
compare to accepted performance test commonly used in
patients with CKD, the associations between in-clinic and
real-world measures were also tested. The correlation ana-
lyses demonstrated the expected directional relationships
with low, but significant, strength. These results were
expected as real-world measures do not replicate in-clinic
tests, but they do similarly capture health concepts of inter-
est.45,46 To our knowledge, no previous research has inves-
tigated the relationship between novel real-world measures
and accepted clinical outcome assessments in patients with
CKD. Note that negative correlations with rise time were
expected as increased rise time corresponds to lower phys-
ical function while increased values for in-clinic measures
correspond to higher physical function.

B6SC is defined as the number of steps taken within the
continuous 6-minute window that contains the most steps
for a given calendar day. It parallels the in-clinic 6MWT
but has three key differences; (1) B6SC is not an active per-
formance test, but rather a passive measure that captures a
person’s best natural effort as they go about their typical
activities of daily living, (2) it is measured daily rather
than at episodic timepoints and (3) it is measured in the

Table 2. Spearman rank correlation coefficients between baseline
in-clinic and real-world measures.

6-Minute
walk test*

4-meter gait
speed test*

Shuttle walk
test*

Mobility effort

Best
6-minute
step count

0.26; 0.007 0.20; 0.037 0.29; 0.003

Rise time (s) −0.26; 0.010 −0.23; 0.023 −0.22; 0.028

Physical
behavior

Sedentary
minutes/
hour

−0.06; 0.517 −0.04; 0.710 −0.09; 0.341

MVPA
minutes/
hour

0.31; 0.001 0.08; 0.401 0.24; 0.014

Steps per
day

0.37; <0.001 0.19; 0.055 0.26; 0.006

* ρ; p-value.

Table 1. Continued.

B6SC 202–466 N = 36 B6SC 468–584 N = 35 B6SC 602–744 N = 35 p-Value

Systolic BP, mmHg 132 ± 20 133 ± 19 127 ± 16 0.33

Diastolic BP, mmHg 73 ± 10 78 ± 14 73 ± 12 0.19

Body mass index, kg/m2 32.4 ± 4.3 29.9 ± 3.2 29.3 ± 3.1 0.001

6-Minute walk test (m) 371 ± 66 386 ± 68 401 ± 62 0.15

Gait speed (m/s) From 4-meter walk test 1.02 ± 0.17 1.06 ± 0.23 1.10 ± 0.18 0.23

Shuttle Walk Test (m) 212 ± 93 268 ± 130 274 ± 120 0.051

Sedentary minutes/day 678 ± 109 653 ± 112 612 ± 153 0.088

MVPA minutes/day 6 ± 8 12 ± 10 34 ± 50 <0.001

Steps per day 4378 ± 1891 5836 ± 2172 7955 ± 5134 <0.001

Rise time (s) 0.98 ± 0.18 0.94 ± 0.18 0.97 ± 0.22 0.65

aMean ± SD for continuous variables and N (%) for categorical variables are presented.
bExcludes participants on dialysis or transplant recipients.
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participant’s own real-world environment rather than in
structured clinic setting. In this sense, B6SC is an ecologic-
ally valid measure of physical function that reflects an indi-
vidual’s lived experience. Others have proposed alternative
measures to capture best natural effort,47 such as peak
30-minute cadence, but those were not explored in the
current study.

Real-world measures of physical behavior, including
step count, sedentary time and MVPA, have previously
been shown to be associated with morbidity and mortality
in healthy and diseased populations.29,48–57 However, in
the current study measures of real-world physical behavior
were non-significantly associated with future hospitaliza-
tions, with steps/day having the strongest association.
This was not entirely surprising given our small, inactive
sample. Median steps/day and prevalence of MVPA were
minimal (Table 1) and it is possible that in a different popu-
lation which accumulates more activity, hospitalization
would be significantly predicted. Sedentary time was high
among participants, but there was little variability
between participants (Table 1), making it difficult to

reveal associations between sedentary duration and hospita-
lizations in this homogenous sample.

The 6MWT is arguably one of the most widely used
in-clinic performance test.58 Its origins stem from the
12-minute run test developed by Cooper et al. (1968)
which was shown to have good correlation with
maximum oxygen consumption measured during treadmill
running.59 A walking version of the test was first used by
McGavin et al. (1976) in populations with respiratory
disease60 and later shortened to 6 minutes.61 In its current
form, the 6MWT is a simple, pragmatic assessment and
has demonstrated value as a prognosticator of disease sever-
ity and predictor of morbidity and mortality in many clinical
populations including kidney disease.17,31,35–41,62–64

Results from the current study contribute to the large
body of evidence supporting the clinical utility of the
6MWT.

Despite the broad appeal of in-clinic performance tests,
there is an opportunity for real-world measures that are cap-
tured continuously, for long periods of time, as individuals
go about their daily lives to compliment in-clinic

Figure 1. Kaplan–Meier curves. Probability of hospitalization by tertiles of the predictor variable for (a) in-clinic and real-world measures
of (b) mobility effort and (c) physical behavior.

Lyden et al. 7



performance test like the 6MWT.9,10 First, unlike in-clinic
assessments that are episodically captured at discreet time-
points, they capture day-to-day variation to provide a more
granular picture of health. Second, they are not captured
under standardized conditions not reflective of patients’
true environment, but rather capture a patient’s true lived
experience in their own environment. Third, they are not
influenced by administrator motivation or test-retest bias
(i.e. the “practice effect”).65 Although not investigated in
the current study, the continuous and passive nature of real-
world measures may be particularly useful for measuring
disease progression with higher granularity and sensitivity,
allowing clinicians to make better informed and more
timely treatment decisions.

When using passively collected real-world measures as
outcome assessments, it is important to consider that an
individual’s choice to participate in a given behavior is
complex and multidimensional with factors other than
disease severity and symptom expression interacting to
influence behavioral choices. For example, lack of partici-
pation in a given behavior doesn’t necessarily reflect
one’s ability to perform that behavior. For many indivi-
duals, participation in active and inactive behaviors is unre-
lated to functional ability or health status, but rather
individual, social, and environmental factors such as profes-
sional responsibilities, urban versus rural living and/or sea-
sonal variability.66 However, it is also important to consider
that, as reported by Koufaki 2022, maintaining functional
independence is a hallmark of clinical care for patients
with CKD and accurate measures of physical function are
key to putting this into practice.17 Thus, if the ultimate
goal is to maintain (and measure) independence, outcome
measures that are influenced by multiple factors related to
an individual’s lived experience may, in certain contexts,

be more appropriate for assessing the status, or change, of
functional independence on an individual level than stan-
dardized functional performance tests. In fact, The World
Health Organization (WHO) and the International
Classification Framework of Functioning, Disability and
Health (ICF) acknowledge that function is a result of the
interactions between biological, environmental, and per-
sonal factors. In other words, the context in which the
person exists cannot be ignored when assessing function.30

The idea that real-world data from digital health technolo-
gies can transform drug development and healthcare has been
touted for years by industry stakeholders, care providers and
academic partners alike.9,10,12,67 And the proliferation of
wearables and smart devices in the consumer health market
has signaled that patients are not only open to, but ready
for, this transformation; a notion further supported by sub-
stantial industry and academic research. A recent national
survey of US adults found that 82% of respondents were
willing to share health data from a wearable device with a
clinician.68 Rightfully so however, the transformation has
been slow and cautious with multiple factors hindering
mass adoption including lack of (1) know-how, (2) oper-
ational infrastructure, (3) reimbursement models, (4) robust
security and privacy systems and, perhaps most importantly,
(5) the evidence needed to support the validity and relevancy
of digital clinical outcome measures.11,14,15

In the current study we investigated three real-world mea-
sures of physical behavior and two measures of mobility
effort, however many additional measures can be derived
fromwearable actigraphy sensors. To fully understand the clin-
ical relevancy and health concepts of interest reflected in real-
world measures, population-specific natural history studies and
interventional trials should investigate measure characteristics
in conjunction with accepted clinical endpoints and outcomes.

Figure 2. Hazard ratios per standard deviation of the predictor variable for unadjusted (a) and adjusted (b) Cox regression models.
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Strengths of this secondary analysis of the SLIMM trial
includes (1) inclusion of a range of participants at various
stages of CKD, (2) use of a rigorously validated wearable
activity monitor, (3) inclusion of multiple in-clinic mea-
sures of physical function and (4) inclusion of multiples
objective, real-world measures that were passively collected
as participant went about their daily lives.

There are also several limitations: (1) a small sample size
with low participation in active behaviors, (2) a relatively
short follow-up time, (3) a single center study in a predomin-
antly Caucasian population, (4) hospitalization data obtained
only within the University of Utah Health system, (5) meas-
urement of real-world behavior for only 7 consecutive days
and (6) additional patient centered outcomes such as self-
reported physical function and quality of life were not evalu-
ated in relation to real-world measures of physical behavior
and mobility effort. Recent improvements in device miniatur-
ization, computational power, and extended memory now
allow data to be collected for weeks to months at a time.
Future work should leverage these technological advance-
ments to investigate more complex measure of real-world
physical behavior and mobility collected over time.

The current study provided valuable proof-of-principle
evidence that real-world measures of physical behavior
and mobility effort are clinically relevant in patients with
CKD. By simultaneously measuring novel real-world mea-
sures with accepted in-clinic assessments and hard clinical
outcome data (hospitalization) we demonstrated that
RWD passively captured from a wearable digital health
technology, provides an ecologic look into health status.
Importantly, these data do not duplicate commonly used
in-clinic tests and thus future studies should examine how
RWD can complement existing performance tests.
Additionally, future work should examine how digital
health technologies that are deployed remotely, passively,
and continuously can be used to measure disease progres-
sion with accuracy and sensitivity.

Conclusion
Digital health technologies can be deployed remotely, pas-
sively, and continuously to collect real-world measures of
physical behavior and mobility effort in patients with
CKD. In this proof of principle study, physical behavior
(step count) and mobility effort (B6SC), which are pas-
sively measured as individuals go about their daily lives,
provide additional information not captured by in-clinic
assessments of physical function and warrant further inves-
tigation. Longitudinal investigations in larger samples will
provide additional insight into the clinical relevancy of real-
world digital clinical measures.

Acknowledgements: Wewould like to thank all participants who
volunteered to take part in this study.

Authors' Note: Kate Lyden ia also affiliated at VivoSense, Inc
Newport Coast, CA, USA.

Clinicaltrials.gov registration: Sit Less, Interact, Move More
(SLIMM) Intervention for Sedentary Behavior in Chronic
Kidney Disease (CKD) (SLIMM). NCT02970123 (https://
clinicaltrials.gov/ct2/show/NCT02970123?term=beddhu&draw=
2&rank=3).

Contributorship: KL and SB researched literature and conceived
the study. All authors were involved in protocol development,
gaining ethical approval, patient recruitment and data analysis.
KL wrote the first draft of the manuscript. All authors reviewed
and edited the manuscript and approved the final version of the
manuscript.

Declaration of conflicting interests: Kate Lyden is employed by
VivoSense, Inc and previously consulted for wearable device
manufacturers. The authors declared no other potential conflicts
of interest with respect to the research, authorship, and/or
publication of this article.

Ethical approval: This study was approved by the University of
Utah Institutional Review Board.

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article: This work was supported by National Institute of
Diabetes and Digestive and Kidney Diseases (R21DK106574).
Statistical analyses and preparation of this manuscript were also
supported by grants from National Institute of Diabetes and
Digestive and Kidney Diseases (R01 DK091437) and the
National Heart, Lung and Blood Institute (R21HL145494) and
the University of Utah Study Design and Biostatistics Center
(funded in part from the Public Health Services research grant
numbers UL1-RR025764 and C06-RR11234 from the National
Center for Research Resources).

Guarantor: SB.

ORCID iDs: Kate Lyden https://orcid.org/0000-0002-3343-9007
Robert Boucher https://orcid.org/0000-0002-5455-002X
Sydney E. Hartsell https://orcid.org/0000-0001-7328-3732

Supplemental material: Supplemental material for this article is
available online.

References
1. Commissioner O of the. 21st Century Cures Act. FDA, https://

www.fda.gov/regulatory-information/selected-amendments-
fdc-act/21st-century-cures-act (2020, accessed 11 October
2021).

2. Simon GE, Platt R and Hernandez AF. Evidence from
pragmatic trials during routine care—slouching toward

Lyden et al. 9

https://clinicaltrials.gov/ct2/show/NCT02970123?term=beddhu%26draw=2%26rank=3
https://clinicaltrials.gov/ct2/show/NCT02970123?term=beddhu%26draw=2%26rank=3
https://clinicaltrials.gov/ct2/show/NCT02970123?term=beddhu%26draw=2%26rank=3
https://clinicaltrials.gov/ct2/show/NCT02970123?term=beddhu%26draw=2%26rank=3
https://orcid.org/0000-0002-3343-9007
https://orcid.org/0000-0002-3343-9007
https://orcid.org/0000-0002-5455-002X
https://orcid.org/0000-0002-5455-002X
https://orcid.org/0000-0001-7328-3732
https://orcid.org/0000-0001-7328-3732
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/21st-century-cures-act
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/21st-century-cures-act
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/21st-century-cures-act
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/21st-century-cures-act


a learning health system. N Engl J Med 2020; 382: 1488–
1491.

3. Banks MA. Core concept: in the wake of COVID-19, decen-
tralized clinical trials move to center stage. Proc Natl Acad Sci
U S A 2021; 118: e2119097118.

4. COVID-19 as a Catalyst for Modernizing Clinical Trials.
Pfizer, https://www.pfizer.com/news/articles/covid_19_as_a_
catalyst_for_modernizing_clinical_trials (accessed 31
December 2022).

5. COVID-19: The Great Decentralized Clinical Trials
Accelerator. DIA Global Forum, https://globalforum.diaglobal.
org/issue/september-2020/covid-19-the-great-decentralized-
clinical-trials-accelerator/ (2020, accessed 23 January 2022).

6. Viceconti M, Tome M, Dartee W, et al. On the use of wear-
able sensors as mobility biomarkers in the marketing author-
ization of new drugs: a regulatory perspective. Front Med
(Lausanne) 9, https://www.frontiersin.org/articles/10.3389/
fmed.2022.996903 (2022, accessed 31 December 2022).

7. Polhemus A, Ortiz LD, Brittain G, et al. Walking on common
ground: a cross-disciplinary scoping review on the clinical
utility of digital mobility outcomes. NPJ Digit Med 2021; 4:
149.

8. Mikolaizak AS, Rochester L, Maetzler W, et al. Connecting
real-world digital mobility assessment to clinical outcomes
for regulatory and clinical endorsement—the Mobilise-D
study protocol. 2022; 2022.05.25.22275598.

9. Commissioner O of the. Focus Area: Digital Health
Technologies. FDA, https://www.fda.gov/science-research/
focus-areas-regulatory-science-report/focus-area-digital-
health-technologies (2022, accessed 31 December 2022).

10. Health C for D and R. Digital Health Center of Excellence.
FDA, https://www.fda.gov/medical-devices/digital-health-center-
excellence (2022, accessed 31 December 2022).

11. Bakker JP, Goldsack JC, Clarke M, et al. A systematic review
of feasibility studies promoting the use of mobile technologies
in clinical research. npj Digit Med 2019; 2: 47.

12. US Food & Drug Administration. Digital Health Innovation
Action Plan, https://www.fda.gov/downloads/MedicalDevices/
DigitalHealth/UCM568735.pdf (2018, accessed 5 July 2018).

13. Research C for DE and Drug Development Tools:
Fit-for-Purpose Initiative. FDA, https://www.fda.gov/drugs/
development-approval-process-drugs/drug-development-
tools-fit-purpose-initiative (2019, accessed 11 October 2021).

14. Perakslis E and Ginsburg GS. Digital health—the need to
assess benefits, risks, and value. JAMA 2021; 325: 127–128.

15. Walton MK, Cappelleri JC, Byrom B, et al. Considerations
for development of an evidence dossier to support the use
of mobile sensor technology for clinical outcome assess-
ments in clinical trials. Contemp Clin Trials 2020; 91:
105962.

16. Goldsack JC, Coravos A, Bakker JP, et al. Verification, ana-
lytical validation, and clinical validation (V3): the foundation
of determining fit-for-purpose for biometric monitoring tech-
nologies (BioMeTs). npj Digit Med 2020; 3: 55.

17. Koufaki P. Assessment of function limitations in people with
chronic kidney disease for implementation in clinical practice.
Kidney Dialysis 2022; 2: 234–244.

18. Lyden K, Boucher R, Wei G, et al. Targeting sedentary behav-
ior in CKD: a pilot and feasibility randomized controlled trial.
Clin J Am Soc Nephrol 2021; 16: 717–726.

19. Granat M, Clarke C, Holdsworth R, et al. Quantifying the
cadence of free-living walking using event-based analysis.
Gait Posture 2015; 42: 85–90.

20. Chastin SF and Granat MH. Methods for objective measure,
quantification and analysis of sedentary behaviour and
inactivity. Gait Posture 2010; 31: 82–86.

21. Lyden K, Kozey Keadle SL, Staudenmayer JW, et al. Validity
of two wearable monitors to estimate breaks from sedentary
time. Med Sci Sports Exerc 2012; 44: 2243–2252.

22. Lyden K, John D, Dall P, et al. Differentiating sitting and lying
using a thigh-worn accelerometer. Med Sci Sports Exerc 2016;
48: 742–747.

23. Pickford CG, Findlow AH, Kerr A, et al. Quantifying
sit-to-stand and stand-to-sit transitions in free-living environ-
ments using the activPAL thigh-worn activity monitor. Gait
Posture 2019; 73: 140–146.

24. Grant PM, Dall PM, Mitchell SL, et al. Activity-monitor
accuracy in measuring step number and cadence in
community-dwelling older adults. J Aging Phys Act 2008;
16: 201–214.

25. Clarke CL, Holdsworth RJ, Ryan CG, et al. Free-living phys-
ical activity as a novel outcome measure in patients with inter-
mittent claudication. Eur J Vasc Endovasc Surg 2013; 45:
162–167.

26. Godfrey A, Culhane KM and Lyons GM. Comparison of the
performance of the activPAL professional physical activity
logger to a discrete accelerometer-based activity monitor.
Med Eng Phys 2007; 29: 930–934.

27. Tudor-Locke C, Camhi SM and Troiano RP. A catalog of
rules, variables, and definitions applied to accelerometer
data in the National Health and Nutrition Examination
Survey, 2003–2006. Prev Chronic Dis 2012; 9: E113.

28. Lyden K, Boucher R, Wei G, et al. Targeting sedentary behav-
ior in CKD: a pilot and feasibility randomized controlled trial.
Clin J Am Soc Nephrol 2021; 16: 717–726.

29. Piercy KL and Troiano RP. Physical activity guidelines for
Americans from the US Department of Health and Human
Services. Circ Cardiovasc Qual Outcomes 2018; 11: e005263.

30. Üstün TB, Chatterji S, Kostansjek N, et al. WHO’s ICF and
functional status information in health records. Health Care
Financ Rev 2003; 24: 77–88.

31. Painter P. Physical functioning in end-stage renal disease
patients: update 2005. Hemodial Int 2005; 9: 218–235.

32. Koufaki P and Mercer T. Assessment and monitoring of phys-
ical function for people with CKD. Adv Chronic Kidney Dis
2009; 16: 410–419.

33. MacKinnon HJ, Wilkinson TJ, Clarke AL, et al. The associ-
ation of physical function and physical activity with all-cause
mortality and adverse clinical outcomes in nondialysis
chronic kidney disease: a systematic review. Ther Adv
Chronic Dis 2018; 9: 209–226.

34. Garber CE, Greaney ML, Riebe D, et al. Physical and mental
health-related correlates of physical function in community
dwelling older adults: a cross sectional study. BMC Geriatr
2010; 10: 6.

35. Cook WL and Jassal SV. Functional dependencies among the
elderly on hemodialysis. Kidney Int 2008; 73: 1289–1295.

36. Roshanravan B, Robinson-Cohen C, Patel KV, et al.
Association between physical performance and all-cause mor-
tality in CKD. J Am Soc Nephrol 2013; 24: 822–830.

10 DIGITAL HEALTH

https://www.pfizer.com/news/articles/covid_19_as_a_catalyst_for_modernizing_clinical_trials
https://www.pfizer.com/news/articles/covid_19_as_a_catalyst_for_modernizing_clinical_trials
https://www.pfizer.com/news/articles/covid_19_as_a_catalyst_for_modernizing_clinical_trials
https://globalforum.diaglobal.org/issue/september-2020/covid-19-the-great-decentralized-clinical-trials-accelerator/
https://globalforum.diaglobal.org/issue/september-2020/covid-19-the-great-decentralized-clinical-trials-accelerator/
https://globalforum.diaglobal.org/issue/september-2020/covid-19-the-great-decentralized-clinical-trials-accelerator/
https://globalforum.diaglobal.org/issue/september-2020/covid-19-the-great-decentralized-clinical-trials-accelerator/
https://www.frontiersin.org/articles/10.3389/fmed.2022.996903
https://www.frontiersin.org/articles/10.3389/fmed.2022.996903
https://www.frontiersin.org/articles/10.3389/fmed.2022.996903
https://www.fda.gov/science-research/focus-areas-regulatory-science-report/focus-area-digital-health-technologies
https://www.fda.gov/science-research/focus-areas-regulatory-science-report/focus-area-digital-health-technologies
https://www.fda.gov/science-research/focus-areas-regulatory-science-report/focus-area-digital-health-technologies
https://www.fda.gov/science-research/focus-areas-regulatory-science-report/focus-area-digital-health-technologies
https://www.fda.gov/medical-devices/digital-health-center-excellence
https://www.fda.gov/medical-devices/digital-health-center-excellence
https://www.fda.gov/medical-devices/digital-health-center-excellence
https://www.fda.gov/downloads/MedicalDevices/DigitalHealth/UCM568735.pdf
https://www.fda.gov/downloads/MedicalDevices/DigitalHealth/UCM568735.pdf
https://www.fda.gov/downloads/MedicalDevices/DigitalHealth/UCM568735.pdf
https://www.fda.gov/drugs/development-approval-process-drugs/drug-development-tools-fit-purpose-initiative
https://www.fda.gov/drugs/development-approval-process-drugs/drug-development-tools-fit-purpose-initiative
https://www.fda.gov/drugs/development-approval-process-drugs/drug-development-tools-fit-purpose-initiative
https://www.fda.gov/drugs/development-approval-process-drugs/drug-development-tools-fit-purpose-initiative


37. Torino C, Manfredini F, Bolignano D, et al. Physical perform-
ance and clinical outcomes in dialysis patients: a secondary
analysis of the excite trial. KBR 2014; 39: 205–211.

38. Kutner NG, Zhang R, Huang Y, et al. Gait speed and mortal-
ity, hospitalization, and functional Status change among
hemodialysis patients: a US renal data system special study.
Am J Kidney Dis 2015; 66: 297–304.

39. Tsai Y-C, Chen H-M, Hsiao S-M, et al. Association of phys-
ical activity with cardiovascular and renal outcomes and
quality of life in chronic kidney disease. PLOS ONE 2017;
12: e0183642.

40. Wilkinson TJ, Gore EF, Baker LA, et al. Muscle power and
physical dysfunction: a model for tailoring rehabilitation in
chronic kidney disease. Nephrology 2021; 26: 790–797.

41. Kittiskulnam P, Chertow GM, Carrero JJ, et al. Sarcopenia and
its individual criteria are associated, in part, with mortality
among patients on hemodialysis. Kidney Int 2017; 92: 238–247.

42. Whole recording outcomes csv—PAL Knowledge Base,
https://kb.palt.com/articles/whole-recording-outcomes-csv/
(accessed 30 December 2022).

43. Matthews CE, Hagstromer M, Pober DM, et al. Best practices
for using physical activity monitors in population-based
research. Med Sci Sports Exerc 2012; 44: S68–S76.

44. Staudenmayer J, Zhu W and Catellier DJ. Statistical consid-
erations in the analysis of accelerometry-based activity
monitor data. Med Sci Sports Exerc 2012; 44: S61–S67.

45. Haberkamp M, Moseley J, Athanasiou D, et al. European reg-
ulators’ views on a wearable-derived performance measure-
ment of ambulation for Duchenne muscular dystrophy
regulatory trials. Neuromuscul Disord 2019; 29: 514–516.

46. Qualification opinion on stride velocity 95th centile as a sec-
ondary endpoint in Duchenne Muscular Dystrophy measured
by a valid and suitable wearable device.

47. Aguiar EJ, Schuna JM, Barreira TV, et al. Normative peak
30-min cadence (steps/min) values for older adults:
NHANES 2005–2006. J Aging Phys Act 2019; 27: 625–632.

48. Physical Activity Guidelines Advisory Committee. U.S.
Department of Health and Human Services. Physical
Activity Guidelines Advisory Committee Report; 2008.

49. Craft LL, Zderic TW, Gapstur SM, et al. Evidence that
women meeting physical activity guidelines do not sit less:
an observational inclinometry study. Int J Behav Nutr Phys
Activ 2012; 9: 122.

50. Rock CL, Thomson C, Gansler T, et al. American Cancer
Society guideline for diet and physical activity for cancer
prevention. CA A Cancer J Clin 2020; 70: 245–247.

51. Zhou W, Yan W, Wang T, et al. Independent and joint asso-
ciation of physical activity and sedentary behavior on all-
cause mortality. Chin Med J (Engl) 2021; 134: 2857–2864.

52. Zhang W, Schwenk M, Mellone S, et al. Complexity of daily
physical activity is more sensitive than conventional metrics
to assess functional change in younger older adults. Sensors
2018; 18: 2032.

53. Shu C-C, Lee J-H, Tsai M-K, et al. The ability of physical
activity in reducing mortality risks and cardiovascular
loading and in extending life expectancy in patients with
COPD. Sci Rep 2021; 11: 21674.

54. Ponticelli C and Favi E. Physical inactivity: a modifiable risk
factor for morbidity and mortality in kidney transplantation. J
Pers Med 2021; 11: 927.

55. Migueles JH, Lee I-M, Sanchez CC, et al. Revisiting the
association of sedentary behavior and physical activity with
all-cause mortality using a compositional approach: the
women’s health study. Int J Behav Nutr Phys Activ 2021;
18: 104.

56. Djousse L, Schubert P, Ho Y-L, et al. Leisure time physical
activity, sedentary behavior, and risk of cardiovascular
disease and mortality among US veterans. J Nov Physiother
Phys Rehabil 2021; 8: 33–39.

57. Beddhu S, Baird BC, Zitterkoph J, et al. Physical activity and
mortality in chronic kidney disease (NHANES III). Clin J Am
Soc Nephrol 2009; 4: 1901–1906.

58. ATS Committee on Proficiency Standards for Clinical
Pulmonary Function Laboratories. ATS statement: guidelines
for the six-minute walk test. Am J Respir Crit Care Med 2002;
166: 111–117.

59. Cooper KH. A means of assessing maximal oxygen intake.
Correlation between field and treadmill testing. JAMA 1968;
203: 201–204.

60. McGavin CR, Gupta SP and McHardy GJ. Twelve-minute
walking test for assessing disability in chronic bronchitis. Br
Med J 1976; 1: 822–823.

61. Butland RJ, Pang J, Gross ER, et al. Two-, six-, and 12-min
walking tests in respiratory disease. Br Med J (Clin Res Ed)
1982; 284: 1607–1608.

62. de Moraes Kohl L, Signori LU, Ribeiro RA, et al. Prognostic
value of the six-minute walk test in end-stage renal disease life
expectancy: a prospective cohort study. Clinics (Sao Paulo)
2012; 67: 581–586.

63. Olsson LG, Swedberg K, Clark AL, et al. Six minute corridor
walk test as an outcome measure for the assessment of treatment
in randomized, blinded intervention trials of chronicheart failure:
a systematic review. Eur Heart J 2005; 26: 778–793.

64. Miyamoto S, Nagaya N, Satoh T, et al. Clinical correlates and
prognostic significance of six-minute walk test in patients
with primary pulmonary hypertension. Comparison with car-
diopulmonary exercise testing. Am J Respir Crit Care Med
2000; 161: 487–492.

65. Richardson E, Burnell J, Adams HR, et al. Developing and
implementing performance outcome assessments: eviden-
tiary, methodological, and operational considerations. Ther
Innov Regul Sci 2019; 53: 146–153.

66. Marín Royo M, Pellicer Císcar C, González Villaescusa C,
et al. Physical activity and its relationship with the state of
health of stable COPD patients. Archiv Bronconeumol (Engl
Ed) 2011; 47: 335–342.

67. Coran P, Goldsack JC, Grandinetti CA, et al. Advancing the
use of mobile technologies in clinical trials: recommendations
from the clinical trials transformation initiative.Digit Biomark
2019; 3: 145–154.

68. Chandrasekaran R, Katthula V and Moustakas E. Patterns of
use and key predictors for the use of wearable health care
devices by US adults: insights from a national survey.
J Med Internet Res 2020; 22: e22443.

Lyden et al. 11

https://kb.palt.com/articles/whole-recording-outcomes-csv/
https://kb.palt.com/articles/whole-recording-outcomes-csv/

	 Introduction
	 Methods
	 Study population
	 Accelerometry
	 Randomization and SLIMM intervention
	 Physical function
	 Real-world mobility effort
	 Real-world physical behavior
	 Hospitalizations
	 Statistical methods

	 Results
	 Participant characteristics
	 Correlations of in-clinic and real-world measures
	 Probability of hospitalization

	 Discussion
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


