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ABSTRACT
OBJECTIVE: To determine movement patterns of nursing home residents,
specifically those with dementia or obesity, to improve repositioning approaches to
pressure injury (PrI) prevention.
METHODS: A descriptive exploratory study was conducted using secondary data
from the Turn Everyone And Move for Ulcer Prevention (TEAM-UP) clinical trial
examining PrI prevention repositioning intervals. K-means cluster analysis used the
average of each resident’s multiple days’ observations of four summary mean daily
variables to create homogeneous movement pattern clusters. Growth mixture models
examined movement pattern changes over time. Logistic regression analyses
predicted resident and nursing home cluster group membership.
RESULTS: Three optimal clusters partitioned 913 residents into mutually exclusive
groups with significantly different upright and lying patterns. The models indicated
stable movement pattern trajectories across the 28-day intervention period. Cluster
profiles were not differentiated by residents with dementia (n = 450) or obesity
(n = 285) diagnosis; significant cluster differences were associated with age and
Braden Scale total scores or risk categories. Within clusters 2 and 3, residents with
dementia were older (P < .0001) and, in cluster 2, were also at greater PrI risk
(P < .0001) compared with residents with obesity; neither group differed in cluster 1.
CONCLUSIONS: Study results determined three movement pattern clusters and
advanced understanding of the effects of dementia and obesity on movement with
the potential to improve repositioning protocols for more effective PrI prevention.
Lying and upright position frequencies and durations provide foundational knowledge
to support tailoring of PrI prevention interventions despite few significant differences
in repositioning patterns for residents with dementia or obesity.
KEYWORDS: dementia, movement, nursing home, obesity, positioning, pressure injury,
repositioning TEAM-UP
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INTRODUCTION
Nursing home (NH) residents are often advanced in age,
cognitively challenged, and overweight or obese, making
limitations in residents’mobility/movements a common
and increasing concern. Lack of movement for pro-
longed periods without relieving pressure on tissues
compressed between the skin and support surface
can lead to tissue damage, necrosis, and even pressure
injuries (PrIs).1 In this study, the authors explore whether
distinct movement patterns of NH residents can be iden-
tified using triaxial accelerometer data to ultimately ad-
vance knowledge related to repositioning approaches
for PrI prevention. Movement associated with reposi-
tioning to prevent or relieve pressure is a primary pillar
of prevention. However, little is known about how fre-
quently an NH resident changes position or how long
a single position is typically maintained. Characteristics
of movement patterns for residents with dementia or
obesity are also not well understood. Enhancing under-
standing about these movement patterns, especially
among residents with conditions such as cognitive im-
pairment and obesity, which are known to interfere
with or limit movement, can provide insights about
specific repositioning care needs. Discovery of differ-
ences could make it possible to tailor and test resident-
focused PrI prevention interventions, such as reposition-
ing, and help residents with dementia and obesity adopt
movement behaviors that are effective in reducing PrI
development.
At least one of every nine NH residents in the US

experiences a PrI at some point during their NH stay.2,3

Incidence of PrIs increased by 10% nationwide be-
tween 2014 and 2016 despite reductions in most other
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hospital-acquired conditions.4 Many NHs have high
PrI incidence and prevalence, in some instances well
over 20%.5,6 A PrI can develop when repositioning/
movement is inadequate, exposing an area of tissue to high
levels of constant pressure, which, if unrelieved, reduces
blood flowandprevents tissue reperfusion, leading to tissue
necrosis.7After prolongedpressure on tissues, such aswhen
a resident lies in the sameposition for an extendedperiod or
has limitedmobility, aminimumof 15minutes’decompres-
sion time is required for adequate reperfusion of ischemic
tissues. Prevention is commonly achieved through vigilant
resident repositioning (every 2 hours), which requires
labor-intensive nursing care; repeated pressure exposure
aggravates tissues, making them more vulnerable with
each subsequent pressure-loading event. For example, a
resident who is repositioned but slides back into the orig-
inal position before 15 minutes has elapsed may have in-
adequate tissue offloading,which can lead to additional in-
sult. The combination of pressure, time, and cycles of tissue
ischemia-reperfusion that results in PrIs varies widely
among residents. Evidence fromprior research is clear that
the process of damage accumulation in the tissues occurs
when a repositioning event does not completely offload
pressure between the tissue and external support surface.8

Movementpatterns are critical tounderstandingPrIpreven-
tion.Also,movements are associatedwith friction and shear
that occur in varied stages of dementia and obesity.
Historically, nearly half of NH residents have Alzheimer

disease and related dementias (hereafter, dementia),9 and
25% of all NH residents are classified as obese.10 Crucial
to improving quality of life for personswith dementia liv-
ing in an NH is forestalling acute medical problems that
are mainly preventable, seemingly intractable geriatric
conditions, such as PrI development. Dementias increase
with age, and typically an individual with dementia is
unsteady and slow to move about. Obesity also limits
the capacity for movement and is considered a risk factor
in PrI development. In fact, persons with a high body
mass index (BMI) who also have limited mobility are
more likely to develop dementia.10–12 The average BMI
of the population is increasing; according to VanGilder
et al,13 average height and weight increased by 1 inch
and 23 to 25 lb, respectively, over the past 4 to 5 decades.
Older adults with obesity are twice as likely as those who
are nonobese (BMI ≤30 kg/m2) to be admitted to an NH
and often experience more disabilities that require more
complex care.14 Dementia and obesity are thought to con-
tribute to reducedmobility, putting residents at risk of de-
veloping a PrI, and the cornerstone of prevention care is
self- or nurse-assisted repositioning/movement that aims
to facilitate the ≥15-minute decompression time15 that is
required for tissue reperfusion. The etiology of PrI devel-
opment is largely dependent on intensity and duration
of pressure; however, there is a gap in evidence related
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to the duration underpinning the care approach to PrI
prevention, especially when the care approach is tai-
lored to residents with dementia and obesity.
Dementia and obesity are increasingly prevalent fac-

tors among NH residents and are becoming more clini-
cally relevant because of the potential increase in PrI
risk.10,16–18 Further, these two factors often limit residents’
ability to participate in their own care, impair mobility, and
are associatedwithprolongedperiods in either a bedor chair,
which increases the interface pressure between the body and
supporting surface. A first step in understanding how de-
mentia and obesity relate to residents’ mobility is to deter-
mine what movement patterns exist among all residents.

METHODS
Aims
The primary aim of this studywas to identify and charac-
terize types and frequencies of position changes compris-
ingmovement patterns for NH residents. The authors ex-
plored resident characteristics (age, sex, race/ethnicity,
average Braden Scale total score, Braden Scale risk cate-
gories, history of PrI, dementia and/or obesity diagnosis,
and NHs) as potential predictors of movement patterns
based on position frequencies and durations.

Design
This descriptive exploratory study was conducted
using secondary data collected in nine NHs in the
1R01NR016001 Turn Everyone And Move for Ulcer
Prevention (TEAM-UP) cluster randomized controlled
trial.19,20 The TEAM-UP trial examined the effects of
repositioning frequency on PrI incidence using an
NH-wide protocol with repositioning intervals of 2,
3, or 4 hours on residents at low, mild, moderate, or
high risk of developing PrIs over a 4-week interven-
tion period. Each NH was randomly assigned to one
of three study arms (2, 3, or 4 hours) while continuing
to provide standard PrI prevention and other nursing
care. Residents’ repositioning movements were tracked
in real time with a triaxial accelerometer wireless sensor
monitoring system (MS) that recorded all resident
movement (except for those residents with existing PrIs
or at severe PrI risk). Residents’ movements were col-
lected during a 4-week intervention period; the number
of days of movement data varied based on resident
length of stay. The target sample of the TEAM-UP study
was powered at 95% with a one-tailed significance level
of .05 to detect an effect size of .38 to test an increase in
PrI incidence from standard 2-hour repositioning to 3
or 4 hours.19,20

Study Setting and Population Sample
The sample of residents from all nine NH sites (N = 913)
included residents with dementia and/or obesity as
WWW.ASWCJOURNAL.COM
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part of the population examined in the secondary data
analyses. The TEAM-UP trial enrollment, allocation,
and follow-up are reported elsewhere.19,20 All resi-
dents participating in the TEAM-UP study’s inter-
vention were eligible for inclusion without regard to
diagnoses or demographic characteristics, which were
subsequently analyzed.
Dementia is a descriptive term used to describe those

in the sample with a syndrome of degenerative brain
changes characterized by a set of symptoms, including
cognitive and behavioral symptoms, which are described
as behavioral and psychological symptoms of dementia;
Alzheimer disease is the most common cause of demen-
tia. Dementia is often formally diagnosed in the later
stages of disease. In this study, residents were identified
as having dementia if there was an International Classifica-
tion of Diseases diagnosis of dementia according to the
Coding Definition provided by the National Institutes of
Health21 and/or a Brief Interview for Mental Status
(BIMS) score indicative of cognitive impairment (severe
impairment = 0–7, moderate impairment = 8–12). Often,
there is no formal diagnosis given if a resident develops
dementia after admission, thus the addition of BIMS.
Obesity is defined for this sample as a body weight

that is higher than what is considered to be a healthy
weight when compared with height.22 Body mass index
(BMI) is most often used to determine whether an indi-
vidual is underweight (BMI <18.5 kg/m2), normalweight
(BMI 18.5 to <25 kg/m2), overweight (BMI 25–30 kg/m2),
or obese (BMI >30 kg/m2) and is calculated by dividing
a person’s weight in kilograms by the square of height
in meters.22 In this study, obesity was categorized as
BMI >30 kg/m2.
Measurement
Clinical Measures. The Braden Scale for Predicting Pres-
sure Sore Risk23 was used to determine PrI risk status.
This summed rating scale is composed of six subscales
(sensory perception, mobility, activity, moisture, nutri-
tion, and friction and shear) and was developed to
help clinicians predict risk for PrI development and
to guide preventive measures based on risk factors.
The six subscales are rated from 1 to 4 (except friction
and shear, which is rated from 1–3), with 6 to 23 total
points possible. The cutoff for diagnosing risk is ≤18.24

The tool’s predictive validity varies by setting, but it
is the most accurate available measure. Admission over-
all sensitivity (74%) and specificity (60%) are not as accu-
rate as observations made 24 hours after admission,
when sensitivity is 76% and specificity is 68%. Weekly/
monthly observations are even more accurate, increasing
to 81% sensitivity and 73% specificity.24,25 Risk cat-
egories are based on Braden Scale total scores: low
WWW.ASWCJOURNAL.COM 273
(19–23), mild (15–18), moderate (13–14), and high
(10–12) risk.

MovementMetrics.Movement is defined as all active
or passive movements that were tracked and recorded
every 10 seconds by the MS sensor from the start to
end of a resident’s TEAM-UP study participation for
each day in which a complete record of 22 to 24 hours
was collected.

Movement pattern. The naturally andmost frequently oc-
curring distribution of movement features (body posi-
tion frequency and position durations, lying and upright
movement frequencies and durations).

Body position frequency. Body positionwas the direction
and angle in which a person was facing lying in bed (left,
left prone, right, right prone, back) or upright when sit-
ting in bed or a chair (back, left, right). Threshold param-
eters for position detection are 10-degree tilt angle (lean-
ing side-to-side when upright), 50-degree upright angle
(sitting versus lying), and 20-degree turn angle (change
from one side to another). Frequency equaled the number
of times a specific direction and angle were achieved in
24 hours. Upright time while walking was not included
because the focus of this study is on understanding off-
loading in bed or chair.

Body position duration. The sum of the length of all time
per day spent in a single body position.

Lying and upright movement frequencies. The sum of body
position frequencies while in lying or upright position in
24 hours. These frequencies reflect the daily number
of times a repositioning event occurs while either lying
or upright (ie, the resident engages in movement or is
assisted by nursing staff to move).

Lying and upright movement durations.The sumof body
position durations while in lying or upright positions in
24 hours; this reflects the total daily time in lying or
upright positions.

Data andDataManagement.Nursing HomeData. The
NH characteristics collected in the TEAM-UP study in-
cluded bed size and nursing staff hours, whichwere pro-
vided by the NH company and collected from publicly
available sources.26

Resident Electronic Health Record (EHR) Data. These
data for each resident participating in the intervention
were extracted from the EHR for each week of the
study period according to the TEAM-UP protocol.
All EHR data extractions were performed by the NH
company in aHealth Insurance Portability andAccount-
ability Act-compliant format; study identification num-
bers (study IDs) were created prior to data extraction,
and data were transferred to Duke University’s secure
drive spacedesignated for theTEAM-UP study, fromwhich
this study accessed EHR data for secondary analysis.

Resident movement data. The wireless sensor worn by
each resident participating in the intervention communi-
cated directly with the MS database housed on a secure
ADVANCES IN SKIN & WOUND CARE • MAY 2022
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remote server. Resident movement data were collected
every 10 seconds, 24 hours a day while a sensor was
worn. TheMS database also received the resident’s study
ID along with admission, transfer, and discharge status
updates in real time. The MS raw data files and summa-
rized data by resident, unit, and NH were transferred to
Duke University’s secure drive space designated for the
TEAM-UP study, from which this study accessed move-
ment data for secondary analysis. Fidelity checks were
used to ensure data trustworthiness, including observa-
tion audits to safeguard proper implementation such as
on-time turning.

Analysis
Sensor Data Observations. Resident wearable sensors
recorded the start and stop times for every individual
movement change. These recordings were summarized
by the distinctive movement positions measuring daily
frequencies and durations for lying and upright left, right,
and back body positions. The average daily movement
frequencies and durations were explored initially to iden-
tify resident movement behaviors and develop groups of
homogeneous patterns. Subsequently, these data were
collapsed into four summary variables: total daily up-
right time, total daily upright frequency, total daily lying
time, and total daily lying frequency. Because there were
days when the sensor recording was interrupted due to
resident off-site visits or discharge, any resident days’
observations that were less than 22 out of 24 hours
were omitted.

Statistical Analysis.Cluster analysis used themean of
each resident’s multiple days’ observations of the four
summary total daily variables (lying and upright move-
ment frequencies, lying and upright movement dura-
tions) to create homogeneous movement pattern clus-
ters. K-means cluster analyses were used to identify an
unknown number (“k”) of clusters with distinct, inter-
pretable, and/or usable movement patterns. The first
step in identifying these movement patterns was to
group together residents with relatively homogeneous
average daily movement features. The researchers used
the cubic clustering criterion to determine optimal clus-
ters that partitioned residents into mutually exclusive
groups based on their four input variables. A good clus-
tering algorithm aims to obtain clusters where (1) the
intracluster similarities are high, implying that the resi-
dents in a cluster are similar to each other in terms of
their movement features; and (2) the intercluster similar-
ity is low, implying that each cluster contains residents
whosemovement features are not similar to those of res-
idents in other clusters.27

In addition, longitudinal analyses of the data were con-
ducted using growthmixturemodeling (GMM) to examine
and confirm the extent of any changes in an individual’s
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daily movement patterns over time. Growth mixture
modeling describes longitudinal change across the inter-
vention time period within each individual in each clus-
ter and examines if differences in individual patterns ex-
ist within a cluster of study participants. As an extension
of individual growth curve analysis, GMM models lon-
gitudinal trajectories of measures at an individual level.
However, GMM has the additional advantage of identi-
fying distinct classes of movement pattern trajectories
rather than assuming the same mean trajectory over
time for all residents within the same group.
Descriptive statistics (means, SDs, percentages) were

used to describe resident demographic and clinical char-
acteristics by individual NH and movement pattern
cluster. Logistic regression analyses were conducted to
predict resident and NH membership in the cluster
groups. Predictors included age, sex, diagnoses of de-
mentia and/or obesity, history of previously healed PrI,
race, Braden Scale risk categories, andNHs. The researchers
performed separate analyses for the resident populations
with dementia and with obesity to evaluate differences
within and between these populations by cluster. Com-
parisons among NHs, cluster groups, and the dementia
and obesity populations were made using χ2, analysis of
variance, or two-sample t tests.

Ethics Approval and Consent to Participate
The TEAM-UP project was approved by the DukeUniver-
sity Institutional Review Board (Duke IRB #Pro00069413).
The IRB approved a waiver of informed consent per the
US Department of Health and Human Services guidelines
21 CFR 46 because (1) the entire group of low-, moderate-,
and high-risk residents received anNH-wide reposition-
ing schedule; (2) repositioning protocol became part of
NH-wide practice standardizing theworkflow of reposi-
tioning; (3) the intervention involved minimal risk; and
(4) extracted resident data were assigned a study ID num-
ber and the coded data set was placed directly into a se-
cured network folder. For the Administrative Supplement
involving cluster analysis, per the US Department of
Health and Human Services guidelines 21 CFR 46, the
Duke IRB waived informed consent for the NH resi-
dents and approved staff consent to participate (Duke
IRB #Pro00069413). All methods were performed in ac-
cordance with the relevant guidelines and regulations
(Declaration of Helsinki).

RESULTS
Intervention residents with 1 or more days with 22 to
24 hours of sensor observations were included in the
analyses; 913 of 1,100 residents in the intervention study
met this criterion. K-means did not generate the optimal
number of clusters, thereby requiring an exploratory ap-
proach to predetermine a value of k that produced
WWW.ASWCJOURNAL.COM
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effective results. Multiple cluster solutions were evalu-
ated with plotting of the cubic clustering criterion for
each value of k. Values for k ≥ 3 indicated good results.
However, additional splits above three produced clus-
ters with small numbers of observations that were not
large enough to warrant special treatment. The value
k = 3 was chosen as the most useful partitioning of the
data for this study. The GMM models analyzing the
movement pattern trajectories across the 28-day inter-
vention period were stable, indicating that the cluster
analysis groups based on the variable means over time
for all residents were an accurate indicator of their be-
haviors. The decision to accept the three clusters produced
by K-means cluster analysis was made by the principal
investigators and content collaborators.
Characteristics of the 913 study residents are presented

in Table 1, both overall and for each of the nine NHs. All
resident characteristics were significantly different across
NHs. In particular, NH4 and NH9 had a greater number
and percent of Black residents, NH4 had a greater num-
ber of residents with previously healed PrIs, and NH7
had a higher number of movements per hour during ly-
ing and upright times. In total, 5.26% (48/913) of resi-
dents had a history of healed PrIs. Overall, the popula-
tion studied comprised 50% individuals with dementia
and 31% individuals with obesity, which are similar per-
centages to those typically found in NHs.
Table 1. RESIDENT CHARACTERISTICS BY NH

Characteristics
Total
N = 913

NH1
n = 65

NH2
n = 107

NH3
n = 103

Age, mean (SD) 77.7 (3.0) 76.4 (13.2) 79.3 (12.7) 86.8 (8.7)

Sex, male, n (%) 349 (38.2) 26 (40.0) 35 (32.7) 20 (19.4)

Race

Black, n (%) 260 (28.5) 7 (10.8) 6 (5.6) 0

White, n (%) 508 (65.5) 52 (80.0) 93 (86.9) 9 (8.7)

Other, n (%) 55 (6.02) 6 (9.2) 8 (7.5) 94 (91.3)

History of prior PrI, healed, n (%) 48 (5.26) 2 (3.1) 5 (4.7) 2 (1.9)

ADRD, n (%) 450 (49.3) 43 (66.2) 51 (47.7) 28 (27.2)

Obesity, n (%) 285 (31.2) 19 (29.2) 37 (34.6) 27 (26.2)

ADRD no/obese no, n (%) 298 (32.6) 13 (20.0) 37 (34.6) 57 (55.3)

ADRD no/obese yes, n (%) 165 (18.1) 9 (13.9) 19 (17.8) 18 (17.5)

ADRD yes/obese no, n (%) 330 (36.1) 33 (50.8) 33 (30.8) 19 (18.5)

ADRD yes/obese yes, n (%) 120 (13.1) 10 (15.4) 18 (16.8) 9 (8.7)

Lying freq/hour, mean (SD) 7.6 (8.1) 6.0 (3.5) 6.7 (4.9) 5.4 (5.1)

Upright freq/hour, mean (SD) 30.7 (32.2) 25.3 (20.7) 33.7 (48.3) 22.7 (15.9)

Total lying hours/day, mean (SD) 14.96 (4.4) 14.8 (4.4) 14.7 (4.2) 13.1 (3.2)

Total upright hours/day, mean (SD) 7.96 (4.35) 8.2 (4.5) 8.0 (4.0) 9.6 (3.2)

Abbreviations: ADRD, Alzheimer disease and related dementias; NH, nursing home; PrI, pressure inju
aAnalysis of variance used to test for mean differences across NHs.
bχ2 Test used to test for frequency differences across NHs.

WWW.ASWCJOURNAL.COM 275
Cluster analysis categorized groups of residents accord-
ing to their movement features. Table 2 presents data de-
scribing features of the three generated clusters. Cluster 1,
the smallest cluster, contained 52 residents (5.7%) who
spent approximately 18.6 hours lying and 4.7 hours up-
right with very high frequency of lying (20.2) and upright
(52.8) movements per hour. Cluster 2 contained 378 res-
idents (41.4%) with similar lying and upright hours to
cluster 1, but much lower frequency of lying (5.2) and
upright (29.5) movements per hour. Thus, residents in
cluster 1 moved approximately four times more fre-
quently when lying and approximately two times more
frequently when upright than did residents in cluster 2.
Cluster 3 contained the majority of the population, com-
prising 483 residents (52.9%) with almost equal time
spent lying (11.6 hours) and upright (11.3 hours). These
residents’ frequencies of movements per hour were 8.1
(lying) and 29.2 (upright).
Clusters were differentiated bymovement frequencies

associated with five lying (left, left prone, right, right
prone, back) and three upright (back, left, right) body
position changes.When lying, cluster 1 spent an average
of 3.39 minutes per single position, whereas cluster 2
spent an average of 15.04 minutes per single position
(P < .001). These two clusters were also differentiated by
minutes of three upright body position changes, resulting
in cluster 1 having an average of 1.60 minutes per
NH4
n = 105

NH5
n = 113

NH6
n = 129

NH7
n = 90

NH8
n = 84

NH9
n = 117 P

81.3 (12.3) 72.4 (12.3) 74.3 (12.7) 75.9 (12.9) 79.2 (12.4) 75.0 (13.9) <.0001a

41 (39.1) 56 (49.6) 44 (34.1) 37 (41.1) 31 (36.9) 59 (50.4) <.0001a

70 (66.7) 22 (19.5) 28 (21.7) 15 (16.7) 15 (17.9) 97 (82.9)

32 (30.5) 79 (69.9) 101 (78.3) 71 (78.9) 61 (72.6) 15 (12.8) <.0001b

3 (2.9) 12 (10.6) 0 4 (4.4) 8 (9.5) 5 (4.3)

15 (14.3) 7 (6.2) 4 (3.1) 4 (4.4) 7 (8.3) 2 (1.7) .001b

65 (61.9) 43 (38.1) 47 (36.4) 51 (56.7) 55 (65.5) 67 (57.3) <.0001b

19 (18.1) 31 (27.4) 52 (40.3) 32 (35.6) 33 (39.3) 35 (29.9) .0126b

30 (28.6) 48 (42.5) 47 (36.4) 20 (22.2) 13 (15.5) 33 (28.2)

10 (9.5) 22 (19.5) 35 (27.1) 19 (21.1) 16 (19.1) 17 (14.5) <.0001b

56 (53.3) 34 (30.1) 30 (23.3) 38 (42.2) 38 (45.2) 49 (41.9)

9 (8.6) 9 (8.0) 17 (13.2) 13 (14.4) 17 (20.2) 18 (15.4)

7.8 (6.6) 7.5 (6.2) 6.4 (4.0) 16.9 (18.4) 6.2 (5.6) 6.0 (3.7) <.0001a

27.8 (17.8) 30.6 (16.8) 31.4 (22.5) 45.2 (52.7) 32.0 (38.7) 28.1 (32.9) .0305a

14.1 (4.3) 14.7 (4.5) 15.6 (4.3) 16.2 (5.0) 14.6 (4.0) 16.6 (4.6) <.0001a

8.3 (4.1) 8.2 (4.4) 7.5 (4.3) 6.9 (5.0) 8.7 (4.1) 6.7 (4.7) <.0001a

ry.
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Table 2. CLUSTER CHARACTERISTICS (N = 913)

Characteristic
Cluster 1 (n = 52)
Mean (SD)

Cluster 2 (n = 378)
Mean (SD)

Cluster 3 (n = 483)
Mean (SD) P

Lying frequency/hour 20.2 (8.4) 5.2 (2.6) 8.1 (9.5) <.0001a

Upright frequency/hour 52.8 (33.7) 29.5 (45.2) 29.2 (14.5) <.0001a

Total lying hours/day 18.6 (3.0) 18.8 (2.7) 11.6 (2.5) <.0001b

Total upright hours/day 4.7 (3.0) 4.2 (2.6) 11.3 (2.5) <.0001b

Minutes in each lying body position 3.39 (1.1) 15.04 (8.7) 12.10 (8.5) <.0001b

Minutes in each upright body position 1.60 (1.1) 5.54 (7.3) 2.96 (3.2) <.0001b

aχ2 Test used to test for frequency differences across clusters.
bAnalysis of variance used to test for mean differences across clusters.
position versus cluster 2 having an average of 5.54 min-
utes per position (P < .001). Cluster 3 had an average of
12.10 minutes per position lying and 2.96 minutes per
position upright.
Resident and NH characteristics associated with mem-

bership in each cluster arepresented inTable 3.Membership
in cluster 1was only predicted by residence inNH7 (odds
ratio [OR], 10.15; confidence interval [CI], 5.43–19.37).Mem-
bership in cluster 2 was predicted by greater likelihood
of being in Braden Scale risk categories of mild (OR,
Table 3. ODDS RATIOS AND CONFIDENCE INTERVALS FOR PR
Cluster 1, OR (CI), n = 52

ADRD 1.35 (0.71–2.56)

Obesity 0.94 (0.48–1.83)

Race: Black 0.69 (0.32–1.46)

Race: other 0.28 (0.04–2.19)

History of prior pressure injury, healed NAa

Braden mild risk 1.49 (0.72–3.10)

Braden moderate risk 0.96 (0.34–2.70)

Braden high risk 1.16 (0.34–3.92)

Age 0.99 (0.97–1.02)

Male sex 1.08 (0.57–2.04)

NH1 NA

NH2 NA

NH3 NA

NH4 NA

NH5 NA

NH6 NA

NH7 10.15 (5.43–19.37)b

NH8 NA

C statistic 0.76

Abbreviations: ADRD, Alzheimer disease and related dementias; CI, confidence interval; NA, not app
NA: Because of small sample size in cluster 1, a two-step process produced one NH as the only signi
nonobese, and NH9.
aZero previously healed pressure injuries in cluster 1.
bP < .0001.
cP < .001.
dP < .05.
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2.58; CI, 1.83–3.64), moderate (OR, 10.68; CI, 6.41–17.80),
and high (OR, 13.48; CI, 6.70-27.12) compared with being
in the low-risk category reference group, and lower
likelihood of being in NH1, NH3, NH5, NH7, or NH8
compared with being in NH9 (reference group, P < .05,
tabled).Membership in cluster 3 was predicted by lower
likelihood of being in Braden Scale risk categories of
mild (OR, 0.37; CI, 0.27–0.52), moderate (OR, 0.09; CI,
0.06-0.16), and high (OR, 0.07; CI, 0.03–0.15) compared
with being in the low-risk category, and greater
EDICTORS OF BEING IN EACH CLUSTER (N = 913)
Cluster 2, OR (CI), n = 378 Cluster 3, OR (CI), n = 483

0.95 (0.69–1.30) 1.00 (0.73–1.37)

0.98 (0.70–1.35) 1.04 (0.76–1.44)

0.95 (0.63–1.43) 1.12 (0.75–1.68)

0.79 (0.41–1.51) 1.52 (0.80–2.88)

1.65 (0.85–3.22) 0.83 (0.43–1.62)

2.58 (1.83–3.64)b 0.37 (0.27–0.52)b

10.68 (6.41–17.80)b 0.09 (0.06–0.16)b

13.48 (6.70–27.12)b 0.07 (0.03–0.15)b

0.98 (0.96–0.99)c 1.02 (1.01–1.04)c

1.23 (0.90–1.69) 0.81 (0.59–1.10)

0.46 (0.22–0.96)d 1.70 (0.82–3.50)

0.52 (0.27–1.00) 1.87 (0.98–3.58)

0.44 (0.22–0.88)d 2.24 (1.12–4.45)d

0.65 (0.36–1.17) 1.32 (0.73–2.36)

0.47 (0.25–0.88)d 1.72 (0.92–3.20)

0.82 (0.45–1.50) 1.08 (0.59–1.98)

0.23 (0.12–0.46)b 1.22 (0.63–2.37)

0.26 (0.13–0.53)c 3.31 (1.65–6.67)c

0.74 0.74

licable; NH, nursing home; OR, odds ratio.
ficant predictor. Reference groups include White race, Braden Scale low risk, female, non-ADRD,
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Table 4. RESIDENTS’ CHARACTERISTICS BY CLUSTER ACCORDING TO DEMENTIA AND OBESITY CATEGORIES (N = 913)

Characteristic

Residents with Dementia (n = 450) Residents with Obesity (n = 285)
Cluster 1
(n = 52)

Cluster 2
(n = 378)

Cluster 3
(n = 483) P (ANOVA/χ2)

Cluster 1
(n = 52)

Cluster 2
(n = 378)

Cluster 3
(n = 483) P (ANOVA/χ2)

n (%) in cluster 30 (57.7) 189 (50) 231 (47.8) — 17 (32.70) 113 (29.9) 155 (32.1) —

Age, mean (SD), y 80.0 (9.9) 77.9 (12.9) 82.4 (10.5) .0004 75.2 (12.4) 71.7 (13.4) 74.5 (13.0) .1974a

Male, n (%) 11 (36.7) 77 (40.7) 84 (36.4) .6452b 5 (29.4) 41 (36.3) 61 (39.4) .6795b

Race, n (%)

Black 5 (16.7) 73 (38.6) 70 (30.3)

.1084b
3 (17.7) 42 (37.2) 28 (18.1)

.0051bWhite 24 (80.0) 108 (57.1) 149 (64.5) 13 (76.5) 68 (60.2) 115 (74.2)

Other 1 (3.3) 8 (4.2) 12 (5.2) 1 (5.9) 3 (2.7) 12 (7.7)

History of healed PrI, n (%) 0 12 (6.4) 14 (6.1) .3703b 0 5 (4.4) 3 (1.9) .3667b

Obesity, n (%) 9 (30.0) 49 (25.9) 62 (26.8) .8927b 17 (100) 113 (100) 155 (100) NA

Dementia, n (%) 30 (100) 189 (100) 231 (100) NA 9 (52.9) 49 (43.4) 62 (40.0) .556b

Lying freq/hour, mean (SD) 21.3 (8.7) 5.3 (2.7) 8.0 (11.9) <.0001a 19.0 (6.7) 5.3 (2.7) 8.3 (13.3) <.0001a

Upright freq/hour, mean (SD) 54.7 (39.9) 29.1 (51.0) 27.8 (14.0) <.0001a 48.3 (21.2) 32.9 (43.2) 31.6 (15.5) <.0001a

Total lying hours/day, mean (SD) 18.1 (3.1) 18.9 (2.7) 11.6 (2.6) <.0001a 18.4 (2.1) 19.0 (2.4) 11.7 (2.6) <.0001a

Total upright hours/day, mean (SD) 5.2 (3.2) 4.1 (2.6) 11.3 (2.5) <.0001a 4.9 (2.1) 3.9 (2.4) 11.2 (2.6) <.0001a

Braden Scale score, mean (SD) 16.5 (3.1) 15.7 (2.8) 18.2 (2.6) <.0001a 17.0 (2.6) 17.2 (3.1) 18.7 (2.5) <.0001a

Braden Scale risk categories

Low risk, n (Col %) 7 (23.3) 25 (13.2) 99 (42.9)

<.0001b

3 (17.7) 30 (26.6) 78 (50.3)

< .0001b
Mild risk, n (Col %) 13 (43.4) 86 (45.5) 109 (47.2) 11 (64.7) 57 (50.4) 69 (44.5)

Moderate risk, n (Col %) 6 (20) 58 (30.7) 18 (7.8) 1 (5.9) 19 (16.8) 6 (3.9)

High risk, n (Col %) 4 (13.3) 20 (10.6) 5 (2.2) 2 (11.8) 7 (6.2) 2 (1.3)

Abbreviations: ANOVA, analysis of variance; NA, not applicable; PrI, pressure injury.
aANOVA used to test for mean differences among clusters.
bχ2 Test used to test for frequency differences among clusters.
likelihood of being in NH3 and NH8 compared with
being in NH9 (reference group, P < .05, tabled). The
three clusters were not differentiated by dementia or
obesity resident diagnoses.
Characteristics examined separately within resident co-

horts with dementia and obesity across each of the three
clusters are described in Table 4. The three clusters differed
significantly by age for residentswith dementia (P= .0004)
but not for residentswith obesity, by race for residentswith
obesity (P= .0051) but not for thosewith dementia, and by
mean Braden Scale total scores (P < .0001) and risk catego-
ries (P < .0001) within both resident cohorts. Overall, 5.8%
(26/450) of residents with dementia had a healed PrI com-
pared with only 2.8% (8/285) of residents with obesity.
Movement patterns were found to differ between these

resident cohorts as well. The means of lying time, lying
frequency, upright time, and upright frequency across
the clusters (Table 4) revealed that cluster 1 is dominated
by an average of 18.1 (dementia) to 18.4 (obesity) hours
of lying time per daywith an average of 19.0 to 21.3 lying
frequency changes per hour. Cluster 2 is also dominated
by an average of 18.9 to 19.0 hours of lying time per day
but had only 5.3 average hourly lying frequency changes.
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Cluster 3 had relatively equal amounts of average lying
and upright times (11.6–11.7 and 11.2–11.3 hours, respec-
tively) and frequency changes per hour (8.0–8.3 lying and
27.8–31.6 upright). The three clusters differed significantly
within the populations with dementia and obesity for all
four frequency and duration measures (P < .0001).
Comparisons of resident characteristics between indi-

viduals with dementia and those with obesity within each
cluster are presented in Table 5. Residentswith dementia
were significantly older than residents with obesity in
clusters 2 and 3 (P < .0001). Race differences between
the two populations existed only in cluster 3, where sig-
nificantly more residents in the dementia cohort were
Black (P = .005) and significantly more residents with
obesity were White (P = .045). Across all NHs, there
were 260 Black residents: 73 with obesity, 148 with de-
mentia, 36who had both diagnoses, and 75who had nei-
ther diagnosis. The population of Black residents with
obesity was predominately in cluster 2 (37.2%) compared
with 17.7% in cluster 1 and 18.1% in cluster 3. The popula-
tion of Black residents with dementia was also predomi-
nately in cluster 2 (38.6%) compared with 16.7% in cluster
1 and 30.3% in cluster 3. Cluster 3 residents with dementia
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Table 5. RESIDENTS’ CHARACTERISTICS WITHIN CLUSTER BETWEEN DEMENTIA AND OBESITY CATEGORIES (N = 913)

Characteristic
Cluster 1 (n = 52) Cluster 2 (n = 378) Cluster 3 (n = 483)
Dementia Obesity P Dementia Obesity P Dementia Obesity P

n (%) in cluster 39 (57.7%) 17 (32.70%) - 189 (50%) 113 (29.9%) - 231 (47.8%) 155 (32.1%) -

Age, mean (SD) 80.0 (9.9) 75.2 (12.4) .1497a 77.9 (12.9) 71.7 (13.4) < .0001a 82.4 (10.5) 74.5 (13.0) < .0001a

Male, n (%) 11 (36.7) 5 (29.4) .6231b 77 (40.7) 41 (36.3) .4440b 84 (36.4) 61 (39.4) .5531b

Race, n (%)

Black 5 (16.7) 3 (17.7) .9334b 73 (38.6) 42 (37.2) .8017b 70 (30.3) 28 (18.1) .0050b

White 24 (80.0) 13(76.5) .7821b 108 (57.1) 68 (60.2) .6063b 149 (64.5) 115 (74.2) .0448b

Other 1 (3.3) 1 (5.9) .6843b 8 (4.2) 3 (2.7) .4458b 12 (5.2) 12 (7.7) .3288b

History of healed PrI, n (%) 0 0 0 12 (6.4) 5 (4.4) .4842b 14 (6.1) 3 (1.9) .0328b

Obesity, n (%) 9 (30.0) 17 (100) NA 49 (25.9) 113 (100) NA 62 (26.8) 155 (100) NA

Dementia, n (%) 39 (100) 9 (52.9) NA 189 (100) 49 (43.4) NA 231(100) 62 (40.0) NA

Lying freq/hour, mean (SD) 21.3 (8.7) 19.0 (6.7) .5292a 5.3 (2.7) 5.3 (2.7) .9884a 8.0 (11.9) 8.3 (13.3) .5688a

Upright freq/hour, mean (SD) 54.7 (39.9) 48.3 (21.2) .7140a 29.1 (51.0) 32.9 (43.2) .0352a 27.8 (14.0) 31.6 (15.5) .0636a

Total lying hours/day, mean (SD) 18.1 (3.1) 18.4 (2.1) .7098a 18.9 (2.7) 19.0 (2.4) .5595a 11.6 (2.6) 11.7 (2.6) .5999a

Total upright hours/day, mean (SD) 5.2 (3.2) 4.9 (2.1) .6895a 4.1 (2.6) 3.9 (2.4) .5494a 11.3 (2.5) 11.2 (2.6) .5381a

Braden Scale score, mean (SD) 16.5 (3.1) 17.0(2.6) .5336a 15.7 (2.8) 17.2 (3.1) <.0001a 18.2 (2.6) 18.7 (2.5) .0539a

Braden Scale risk categories

Low risk, n (Col %) 7 (23.3) 3 (17.7) .6557b 25 (13.2) 30 (26.6) .0066b 99 (42.9) 78 (50.3) .1498b

Mild risk, n (Col %) 13 (43.4) 11 (64.7) .1660b 86 (45.5) 57 (50.4) .4071b 109 (47.2) 69 (44.5) .6071b

Moderate risk, n (Col %) 6 (20) 1 (5.9) .1432b 58 (30.7) 19 (16.8) .0048b 18 (7.8) 6 (3.9) .0965b

High risk, n (Col %) 4 (13.3) 2 (11.8) .8802b 20 (10.6) 7 (6.2) .1711b 5 (2.2) 2 (1.3) .5089b

Abbreviations: PrI, pressure injury; SD, standard deviation.
aT-test used to test for differences in mean value data between dementia and obesity within the cluster.
bChi square used to test for differences in count data between dementia and obesity within the cluster.
had a three times higher percentage rate (P = .033) of
healed PrIs (6.1%) compared with cluster 3 residents with
obesity (1.9%). The PrI history demonstrated a higher risk
of developing a PrI among residentswith dementia (5.77%
[26/450]) than those with obesity (2.81% [8/285]; Table 4).
Braden Scale mean scores were significantly worse in
cluster 2 (P < .0001) for the population with dementia,
which had fewer low-risk andmore moderate-risk res-
idents compared with residents with obesity. There
were no significant differences by cluster between resi-
dents with dementia and residents with obesity for to-
tal lying frequency per hour, total lying hours per day,
or total upright hours per day. However, total upright
frequency per hour in cluster 2 was significantly higher
for residents with obesity compared with residents with
dementia (P = .0352).

DISCUSSION
This study is the first to demonstrate that there are major
differences in movement patterns among NH residents.
Identification of distinct movement patterns is essential
for improving PrI prevention strategies, even though
there may be more than three discoverable patterns that
could be actionable. Analyses of the movement patterns
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in these clusters were based on duration of time spent in
lying or upright positions and frequency of position
changes, yielding clinically homogeneous subgroups of
residents. It is noteworthy that the percentage of daily
lying time was approximately 80% for clusters 1 and 2.
Cluster 3 was unique because it had relatively equal ly-
ing (51%) and upright (49%) times. It is remarkable that
residents in clusters 1 and 2 spent the overwhelmingma-
jority of the day in a lying position, yet residents did not
remain lying in a single body position for more than, at
most, an average of 15 minutes at a time. Despite the to-
tal amount of time spent lying per day, this finding sug-
gests that periodically spending a shorter duration in ly-
ing in a single body position may be effective in offload-
ing pressure points. This logic is supported by the
absence of PrI development among residents with low,
moderate, and high PrI risk in this clinical trial’s 4-
week intervention period. Further, the relatively small
amount of time spent in the same body position is be-
lieved to potentially support the appropriateness of the
current standard1 of repositioning at-risk residents to
offload tissues for at least 15minutes. Additional research
is needed to better understand how frequent and even
slight position changes within an hour (sometimes called
WWW.ASWCJOURNAL.COM
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microturns) affect PrI prevention in contrast to a less fre-
quent or complete change in body position.
The researchers explored the characteristics of residents

that defined membership in the respective movement
clusters to discern whether there were specific differences
that may offer insights for clinical practice. For example,
cluster 1 appears to be a small outlier population with
the highest frequency of body position changes; cluster 1
characteristics could not be fully explored because of the
small sample size. Detection of rare data where behavior
is exceptional compared with the rest of a large data set
can potentially lead to uncovering valuable knowledge
hidden behind these observations.
Membership in clusters 2 and 3 is differentiated by res-

idents’ Braden Scale risk categories. Odds ratios suggest
that cluster 2 residents were approximately 13.5 times
more likely to be in the Braden Scale high-risk category
and 10.7 times more likely to be in the Braden Scale
moderate-risk category comparedwith cluster 2 residents
with low Braden Scale risk. Odds ratios confirm that res-
idents with these same moderate or high Braden Scale
risk categories are far less likely to be in cluster 3 (91%
and 93% less likely, respectively). The findings regarding
Braden Scale risk categories show a parallel between in-
creased PrI risk often being associated with low Braden
Mobility subscale scores and are similar to the findings
of Hyun and colleagues,28 who discovered the presence
of lower Braden total scores (higher risk) among individ-
uals with a PrI. The lower the Braden risk (higher Braden
Scale total scores), the more likely a resident is to be capa-
ble of moving independently and even walking on and
off the clinical unit. Thus, the presence of more low-risk
individuals in cluster 3 strongly supports the pattern of
equal lying and upright time among these residents.
Two additional theoretically important independent

resident characteristics (NH, age) predicted membership
in clusters 2 and 3. Nursing home location varied by geo-
graphic area,whichmayhave led to differences in the pop-
ulations by NH. Age was a determining factor in cluster
membership; the likelihood of membership in cluster 2 de-
creased by 2% with each year of advancing age, whereas
cluster 3 increased by 2%.Advancing age is commonly un-
derstood as an influencer of changes in mobility level.
Dementia and obesity did not emerge as significant

predictors of movement patterns after accounting for
Braden Scale risk, age, and NH, as found in Table 3.
Tables 4 and 5 provide insight into differences in de-
mentia and obesity across clusters (Table 4) and
within clusters (Table 5). One-way analysis of variance
with post hoc tests (Table 4) showed that most differ-
ences between the three clusters within dementia or obe-
sitywere significantly associatedwith either Braden Scale
risk categories, mean Braden score, age (dementia), or
race (obesity).
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Pairwise comparison of residents with dementia and
obesity within clusters, as found in Table 5, showed few
significant differences. One notable difference between
the diagnoses was related to race. Black women have
the highest rates of obesity or being overweight when
compared with other races according to the US Depart-
ment of Health and Human Services Office of Minority
Health.29 Because obesity limits capacity for movement
and is considered a risk factor in PrI development, explo-
ration of potential differences in movement among resi-
dents of various races with obesity is merited. Future re-
search focusing on how the multiple factors of age, race,
and PrI risk interact to influence movement patterns
could also prove helpful when designing new strategies
to better facilitatemovement and enhance PrI prevention.
Significantly lower total upright frequency per hour

for residents with dementia in cluster 2 is potentially ex-
plained by the tendency for some residents with dementia
to remain stationary by sitting in bed or a chair, in contrast
to residents with obesity who often avoidmovements that
may trigger joint and back pain. The greater PrI risk
reflected in significantly lower mean Braden scores of resi-
dents with dementia in both clusters 2 and 3 may indicate
disease progression to a stage of illness when the resident
would be prone to fewer position frequency changes. The
metrics used to define homogeneous movement patterns
(clusters) thatwere determined in daily units based on sen-
sor recordings may have contributed to the absence of dif-
ferences. This approach has the potential to diminish the
ability to detect different movement patterns for residents
with dementia and obesity during different shifts of the
day. For example, residentswith dementiamay experience
sundowning that typically occurs in late afternoon or eve-
ning; factors such as this that can produce variations in
movement patterns that may not have been detected be-
cause of the dependence on time of day.
The continued growth in the number of residents with

dementia and obesity in NHs heightens the importance
of exploring resident characteristics in relation to PrI in-
cidence. Nursing home residents rely on self- or nurse-
assisted repositioning/movement as a key strategy for
prevention of PrI development. Alterations in mobility
are known to place residents with dementia or obesity
at greater PrI risk. Thus, the results from examining
their movement patterns provide valuable information
to help advance knowledge about clinical practices that
may improve PrI prevention.

Limitations
The analyses conducted for this study relied on second-
ary data from the TEAM-UP clinical trial. The collection
of resident data using a wireless sensor captured move-
ment data every 10 seconds, 24 hours a day, while a sensor
was worn. The daily metrics used in the current study’s
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analyses required the omission of sensor data for partial
days. In addition, the daily sensor metrics were based on
a varied number of days of observations (1–28 days;mean,
16 days) with an average of 22 to 24 hours per day. This
analysis approach could influence study findings even
though partial days comprised a small amount of data
and the mean number of days per resident was 16.
There are limitations to K-means clustering that also

may have influenced study results. This method does
not produce an optimal number of clusters (ie, value
for k). Instead, the choice of k required an evaluation of
a range of cluster solutions that might be useful. Each
choice of k produced different subgroups. The final
choice of three clusters was based on clinical evaluation
comparing the competing solutions to identify the one
most relevant for this study.
Generalizability of secondary data analysis findings

may be limited by the absence of PrI development dur-
ing the TEAM-UP trial.19,20 The TEAM-UP findings ex-
tended evidence about repositioning residents using
high-density foam mattresses at 2-, 3-, and 4-hour inter-
vals to a 4-week study period (which was longer than
prior studies) with no PrI development. These findings
advanced PrI prevention knowledge by demonstrating
that most residents could be repositioned at a 3- or 4-
hour interval and still prevent PrIs. The current study as-
sociated movement patterns with the resident’s history
of a healed PrI but could not directly associate move-
ment patterns with the development of PrI. In this case,
a history of a healed PrI is believed to be a reasonable
proxy because these residents are more likely to develop
a second PrI. Further validation directly associating
movement patterns and PrI is recommended in future
research examining repositioning in which PrIs occur.

CONCLUSIONS
This study identified three clusters of movement pat-
terns. The combined use of dementia diagnoses and
BIMS score as indicators of dementia provided a broader
cohort of those in varied stages of dementia than has
been explored in prior research. Study results provide
initial understanding of the influence of dementia and
obesity onmovements, with the potential to improve re-
positioning protocols for more effective PrI prevention.
Lying and upright position frequencies and durations
provide foundational knowledge needed to tailor PrI
prevention interventions despite few significant differ-
ences in movement patterns for residents living with de-
mentia or obesity. Future research should build on these
findings by exploring the individual resident’s fre-
quency or duration of prolonged or sustained move-
ment events in comparison with transient or episodic
movement events to explain which movement behav-
iors are effective in reducing PrI development.•
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