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Abstract

Background: People with dysvascular lower limb amputation (LLA) achieve one-third of the
recommended steps per day and experience severe disability. Although physical function improves
with rehabilitation after dysvascular LLA, physical activity remains largely unchanged, and factors
contributing to limited daily step count are unknown.

Objectives: To identify factors that contribute to daily step count after dysvascular LLA.
Design: Cross-sectional, secondary data analysis.
Setting: Outpatient rehabilitation facilities.

Participants: Fifty-eight patients with dysvascular major LLA (age: 64 + 9 years, body mass
index: 30 + 8 kg/m?2, male: 95%, transtibial LLA: 95%).

Methods: Data were collected by a blinded assessor after dysvascular LLA. Candidate
explanatory variables included (1) demographics, (2) LLA characteristics, (3) comorbidities and
health behaviors, and (4) physical function. Variables with univariate associations with log
steps/day (transformed due to non-normality) were included in a multiple linear regression model
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using backward elimination to identify factors that explained significant variability in log steps/
day.

Primary Outcome Measure: The primary outcome, daily step count, was measured with
accelerometer-based activity monitors worn by participants for 10 days.

Results: Participants took an average (+ SD) of 1450 + 1309 steps/day. After backward
elimination, the final model included four variables explaining 62% of the overall daily step count
(P<.0001): 2-minute walk distance (32%), assistive device use (11%), cardiovascular disease
(10%), and pre-amputation walking time (11%).

Conclusions: Average daily step count of 1450 steps/day reflects the lowest category of
sedentary behavior. Physical function, cardiovascular disease, and pre-amputation walking time
explain 62% of daily step count after dysvascular LLA. Although physical rehabilitation
commonly focuses on improving physical function, interventions to increase daily step count after
dysvascular LLA should also consider chronic disease and health behaviors that predate LLA.

Level of Evidence: Ill.

Introduction

People with dysvascular lower limb amputation (LLA), which is an amputation due to
complications of diabetes mellitus or vascular disease, report greater disability than 95% of
the general population.12 Dysvascular LLA is a chronic medical condition with complex
comorbidity where only 40% of people with dysvascular LLA return to pre-amputation
levels of mobility and 50% report dissatisfaction with mobility.3# In addition, people with
LLA due to vascular etiologies participate in the lowest amount of physical activity when
compared to people with traumatic LLA and those without LLA.5~7

Physical activity has known benefits for older adults, demonstrating positive relationships
with psychosocial functioning, cognition, physical function, and self-reported quality of life.
8-10 It is notable that physical activity is a cornerstone of chronic disease self-management
in diabetes mellitus and peripheral artery disease.11-12 Physical activity is recommended to
improve glucose control and correction of patho-physiology underlying chronic conditions
(eg, inflammation, mitochondrial dysfunction) to decrease risks of morbidity and early
mortality.1112 In addition, increased physical activity is associated with a higher quality of
life and less disability for older adults.13.14

Despite the known benefits of physical activity, people with dysvascular LLA are
remarkably inactive, with data showing average step counts as low as 1721 steps/day.1®
Current rehabilitation practices after dysvascular LLA emphasize improvement in physical
function, yet minimal change in daily step count is observed.” Unchanged daily step count
after rehabilitation indicates that factors beyond physical function should be intentionally
targeted to improve physical activity after dysvascular LLA. Separate studies have
demonstrated that greater age, shorter time since amputation, higher comorbidity burden,
and dysvascular etiology are associated with lower levels of physical activity after LLA.16:17
Unfortunately, people with dysvascular LLA are broadly characterized by advanced age,
high number of medical conditions, and poor physical function.18:19 These broad
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characteristics lack specificity for what conditions and/or factors should be considered when
targeting improved physical activity after dysvascular LLA. Therefore, the purpose of this
retrospective, cross-sectional study was to identify specific factors that explain daily step
count after dysvascular LLA.

Participant baseline data from two randomized controlled trials aimed at improving
rehabilitation outcomes following dysvascular LLA were combined for the purposes of this
cross-sectional study (NCT01929018; NCT02738086). To minimize bias, baseline data were
collected after dysvascular LLA by a blinded assessor within participants” homes before
group assignment and intervention. The study sample size was determined by the parent
clinical trials, and a total of 58 participants were included. The following were inclusion
criteria: (1) experienced an amputation above the ankle due to complications of diabetes
and/or peripheral artery disease within the past 5 years, (2) 50 to 85 years of age, and (3)
using a prosthesis for ambulation. Participants were excluded if they were using a
wheelchair as the primary form of mobility, could not complete physical function testing,
had an unstable cardiac condition (eg, uncontrolled hypertension, chest pain with physical
activity), or if the LLA was performed because of cancer or trauma. Study protocols were
approved by the Colorado Multiple Institutional Review Board office (COMIRB#: 13-0179;
15-1586).

Daily Step Count

Daily step count, a measure of physical activity, was monitored using a waist-mounted
accelerometer (Actigraph GT3X+/GT3X + BT, Actigraph, Pensacola, FL) worn by
participants for 10 days in their free-living environment. Accelerometry is a reliable and
valid method of determining physical activity levels in older adults, people with transtibial
amputation, and populations with asymmetric and/or slower gait speeds (eg, multiple
sclerosis, Parkinson disease).20-24 For example, use of a waist-mounted Actigraph GT3X+
accelerometer has demonstrated good to excellent reliability for measuring steps per day for
people across varying disability severity and assistive device use (intraclass correlation
coefficient [ICC]: 0.77-0.91).22 The 3-axis accelerometers sample acceleration data by a 12-
bit analog to digital converter at 60 Hz. Data were processed using commercially available
software (Actilife 5/6; Actigraph). A device firmware algorithm filtered baseline noise level
to accurately identify steps per 60-second blocks of time (epochs). Steps per day were
measured based upon vertical axis accelerometer data (60-second epochs). Nonwear time
was identified using an algorithm within the Actilife software that screened accelerometer
data to identify time intervals greater than 60 minutes with no accelerometer signal (zero
vector counts).2> Days with more than 10 hours of valid wear time were used for data
analysis.26 Data were included if the participant had at least 4 days with valid wear time
(minimum of 3 weekdays and 1 weekend day).2"28 The average daily step count was
calculated for days with valid wear time.
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Candidate Explanatory Variables

The following four groups of candidate variables for explaining daily step count were used:
(1) demographics and anthropometrics, (2) LLA characteristics, (3) comorbidities and health
behaviors, and (4) physical function. Measures within each group were tested to identify if
they explained a significant amount of the variability in daily step count.

Demographics and Anthropometrics—Age, sex, and body mass index (BMI) are
associated with physical activity in the general population and were included as candidate
explanatory variables.?9 In addition, race/ethnicity and veteran status were considered as
explanatory variables of daily step count due to associations with health outcomes.30-32

LLA Characteristics—Level of major LLA and time since amputation were selected as
candidate variables because evidence suggested that higher levels of amputation, bilateral
involvement, and shorter time since amputation were associated with more severe disability.
17.33.34 |_evel of major LLA was dichotomized as transtibial LLA or other (ie, transfemoral
LLA, knee disarticulation, bilateral involvement). Residual limb quality and the presence of
a wound were explored in this analysis due to the potential influence of prosthesis fit on
walking activity.33-3 Residual limb quality and presence of a wound was determined using
the Chakrabarty scale.38 Construct validity of the Chakrabarty scale was determined using
expert consensus of rehabilitation consultants, surgeons, and professors (n = 66) about
meaningful aspects of residual limb quality after LLA and consists of 12 items assessing
residual limb edema, scar, tenderness, length, shape, joint contracture, bone end, skin
sensation, presence of redundant tissue, shape, and additional factors.36 Although reliability
of the Chakrabarty scale has not been formally assessed, our research team optimized
reliability across raters by conducting regular training with physical therapists who
completed the physical examination. Team consensus was used in the event there was a
question about scoring of specific items. Presence of a residual limb wound (yes/no) was
extracted from the Chakrabarty scale. The individual item scores were summed to obtain a
final Chakrabarty score where higher scores indicate more optimal residual limb quality.

Comorbidities and Health Behaviors—Comorbidity burden may be associated with
daily step counts after LLA.1’ The Functional Comorbidity Index (FCI) is a self-report
questionnaire of the presence of symptomatic chronic conditions known to influence
physical function for older adults and people with disabilities.37-38 Specific conditions and
groups of conditions were extracted from the FCI as potential explanatory variables,
including respiratory conditions (eg, asthma, chronic obstructive pulmonary disease),
cardiovascular conditions (eg, congestive heart failure, myocardial infarction, coronary
artery disease), diabetes mellitus (DM), and peripheral artery disease (PAD). Finally, the
combined presence of DM and PAD indicates greater risk for mortality than with only DM
or PAD, and therefore was explored as a potential factor influencing daily step count.3?

The presence of cognitive impairment is related to more severe disability after dysvascular
LLA.33:3440 Cognitive status was assessed using the Folstein Mini-Mental Status Exam
(MMSE; Version 1).41 The MMSE is a cognitive screening tool used with older adults,
where participants are asked to respond to basic orientation, attention, and memory
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questions. This scale is commonly used to screen for the presence of severe cognitive
dysfunction, with lower scores indicating greater cognitive impairment.41 Only two
participants in this study had scores below the cut point for possible cognitive impairment
(24 points).*2 Therefore, the potential influence of MMSE score on daily step count was
analyzed as a continuous variable.*3

The presence of depressive symptoms was measured using the 15-item Geriatric Depression
Scale.*445 Participants responded to yes/no questions about their mood over the past week.
A sum of depressive symptoms was used in this analysis, where higher scores indicate
greater presence of depressive symptoms. Number of depressive symptoms was selected as
candidate explanatory variables due to evidence that depression is related to disability
outcomes after LLA of any etiology.40

Self-reported smoking history and walking behavior was collected from participants. Prior
health behaviors are known to predict future health behaviors, including physical activity.46
Participants were asked to estimate the number of hours spent walking per day before LLA.
Prior smoking history was included as a candidate explanatory variable due to the
association of smoking with physical activity.4’

Physical Function—Physical function is related to physical activity in older adult
populations and rehabilitation outcomes after LLA.33:3448 Trained assessors completed
physical function testing within participants’ homes. Assessors participated in 1-hour,
hands-on training sessions annually to optimize reliability of physical function testing across
assessors and participants. Following training, interrater reliability assessment was used to
determine competence of performance testing (ICC >0.90). Participants used assistive
devices as they deemed necessary to safely complete the performance-based physical
function tests.

5-Meter Walk Test (SMWT)—Gait speed (m/s) was obtained by measuring the amount of
time, using a handheld stop watch, to walk the middle 5 m of a 10-m walkway. Participants
were provided standardized instructions to walk at their everyday, self-selected pace.*® After
a practice trial, an average from two trials was used for analysis.

2-Minute Walk Test (2MWT)—Participants were provided standardized instructions to
cover as much ground as possible during a 2-minute walking period along a walkway.?0:51
The walkway length was obtained using a measurement wheel and ranged from 6 to 30 m,
depending on participant’s home environment. The total distance traveled (meters) was used
as the outcome value. Use of any assistive device (yes/no) and pain ratings of any bodily
location (0-10) were extracted from the 2MWT for this analysis.

Timed Up-and-Go (TUG)—Participants started from a seated position in an 18-in chair,
and standardized instructions were used to rise from the chair, using upper extremity support
if needed, walk 3 m, turn around, and return to sitting in the chair as quickly and safely as
possible.52:53 The TUG, performed as quickly and safely as possible, has demonstrated high
interrater reliability (ICC = 0.98) and validity for identifying community dwelling older
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adults who are at increased risk for falls.53 After a practice trial, an average time (seconds)
from two trials was used for analysis.

Prosthesis Evaluation Questionnaire - Mobility Subscale (PEQ-MS)—
Participants completed the PEQ-MS, which was used to quantify difficulty completing
mobility tasks while using a prosthesis. The PEQ-MS is a reliable (ICC = 0.77) and valid
measure of self-reported mobility difficulty for people with LLA of any etiology.>*2° In this
questionnaire, participants report the amount of difficulty they have completing mobility
tasks (eg, walk, walk in confined spaces, walk upstairs), where 0 indicates inability to
complete the task, and 4 indicates no problems. An average across the 12-item questionnaire
was used for analysis, where lower scores indicate greater difficulty with mobility.

Analysis Plan

Results

Candidate variables for this study were selected based on theoretic foundations of potential
to explain daily step count following dysvascular LLA. Variables were inspected to
determine if assumptions of linear regression were met. Candidate variables were normally
distributed, where average steps/day were log transformed due to non-normal distribution.
Univariate associations between log steps/day (primary outcome) and candidate variables
were determined using correlations for continuous variables, #tests for dichotomous
variables, and analysis of variance (ANOVA) for categorical variables. Univariate screening
was performed to limit candidate variables with analysis of a relatively small sample size.
Variables with univariate associations (P < .10) were entered into a full generalized linear
regression model with backward elimination to develop the most parsimonious final model.
Collinearity of candidate variables in the full model was assessed, and only physical
function variables (ie, SMWT, 2MWT, and TUG) were highly correlated (R > 0.75). Due to
noncollinearity beyond physical function measures, we continued with backward
elimination. Backward elimination uses a full generalized linear regression model to
eliminate candidate variables (one variable per cycle), with the smallest contribution to the
outcome variable until stopping criteria have been met and the final model with significant
candidate variables remain (remaining variable significance P < .10). Backward elimination
is a recommended method of model selection due to assumptions of no bias when starting
with the full generalized linear model.® Analyses for this study were conducted using SAS
statistical software (SAS Institute Inc., Cary, NC).

Participant descriptive statistics for demographics and candidate explanatory variables are
presented in Table 1. Only one participant did not have adequate wear time for a weekend
day and was not included in the primary analysis or the average daily step count for the
sample (n = 57). Average daily step count for participants was 1450 + 1309 steps/day
(median: 942 steps/day; range: 284-5969 steps/day). Log steps/day had significant
univariate associations with 10 variables (P < .10): residual limb quality, presence of
cardiovascular disease, pulmonary disease, MMSE score, pre-amputation walk time, TUG
time, 2MWT distance, 5SMWT, assistive device use, and PEQ-MS score (Table 2). Backward
elimination from the full model resulted in a final model of 2MWT, assistive device use,
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presence of cardiovascular disease, and pre-amputation walking time, explaining 62% of
variability in log steps/day (P < .001). Specifically, greater 2MWT distance, nonuse of an
assistive device, absence of cardiovascular disease, and greater pre-amputation walking time
were associated with greater daily step count.

Similar results were achieved when conducting a sensitivity analysis to assess the influence
of missing physical activity data for the participant with inadequate weekend wear time. The
participant took an average of 929 steps/day (range: 706, 1372 steps/day), wearing the
accelerometer for an average of 698 minutes over 3 weekdays. Univariate associations and
regression with backward elimination results did not differ when including this participant.

Discussion

In this study, we explored candidate variables that may influence physical activity after
dysvascular LLA, including demographics, LLA characteristics, comorbid and health
behaviors, and physical function. We found four variables that significantly explain
variability in daily step count after dysvascular LLA: 2MWT distance, assistive device use,
presence of cardiovascular disease, and pre-amputation walk time. The findings suggest that
physical function and pre-amputation factors should be considered when targeting increased
daily step count after dysvascular LLA.

An average of 1450 steps/day by participants in our sample is categorized as the most
sedentary and is less than one-third of the recommended daily step count for people with
disabilities or people older than the age of 65 years.5”:>8 High levels of sedentary time have
twice the all-cause mortality risk when compared to people who have low sedentary time.>?
Greater physical activity for people with DM and PAD is associated with greater physical
function, psychosocial functioning, and quality of life.13.14.60.61 Fyrthermore, small
increases in physical activity can decrease risk of cardiovascular events and all-cause
mortality, suggesting that increased physical activity should be a critical target of
rehabilitation interventions for people with dysvascular LLA.62:63

Use of an assistive device and 2MWT distance outcomes explained nearly 45% of daily step
count after dysvascular LLA, which is consistent with previous research.3334 Rehabilitation
has a historic focus on remediation of physical function and activity limitations in an effort
to minimize disability. Conventional interventions are effective for improving 2MWT
distance, gait speed, and L-test after dysvascular LLA, yet physical function after
dysvascular LLA continues to be below clinically meaningful cutoffs upon discharge.l:” For
example, a TUG time of 19 seconds or greater is associated with higher risk for multiple
falls within 6 months of discharge from inpatient rehabilitation after unilateral transtibial
amputation, yet participants in our study who are less than 5 years after LLA had an average
TUG time of 20.4 seconds.?* The findings of this study demonstrated that low daily step
counts had direct univariate associations with multiple measures of physical function.

The significance of pre-amputation characteristics (ie, presence of cardiovascular disease,
low walking time) in daily step count after dysvascular LLA is a novel finding. Prior
research has identified that vascular etiology, greater age, and comorbidity burden are
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associated with lower levels of physical activity after LLA.15-17:19 The broad scope of
characteristics that define dysvascular LLA and clinical practice guidelines for rehabilitation
after LLA provide little guidance for what pre-amputation factors should be considered
when targeting improved daily step count.8% Although cardiovascular disease and low pre-
amputation walking time are not modifiable following dysvascular LLA, personal factors
associated with these variables (eg, self-efficacy, motivation) may be particularly important
for interventions to improve physical activity.56.:67 For example, conventional rehabilitation
interventions may improve physical function, but unless low self-efficacy and/or motivation
are addressed with rehabilitation, increased physical activity following dysvascular LLA
may not be achieved.”-68-74

Our results support the use of interventions targeting improved chronic disease self-
management to improve daily step counts for people with dysvascular LLA. Chronic disease
self-management interventions largely seek to enhance self-efficacy and motivation for
positive health behaviors (eg, physical activity, medication adherence) by developing
psychosocial skills known to positively influence health outcomes.”® Psychosocial skills
commonly addressed by chronic disease self-management interventions include self-
monitoring, education, barrier/facilitator identification, problem solving, and action
planning, among others.”>78 Practicing these psychosocial skills with the guidance of a
clinician provides an opportunity to collaboratively discuss patient-identified issues that
prevent participation in positive health behaviors like walking. For example, a patient with
dysvascular LLA may discuss how icy weather, poor socket fit, or fatigue negatively affect
physical activity, and the clinician can guide the patient through the problem-solving process
for strategies to minimize or remove such barriers.

Study Limitations

The study findings should be considered in light of potential limitations. This is a
retrospective, cross-sectional study with a relatively small sample size, largely comprising
men within 5 years of unilateral dysvascular transtibial LLA. Although there is sufficient
power to identify four variables that explain daily step count after dysvascular LLA, the
small sample size limits our ability to detect variables with smaller effect sizes. In addition,
the sample size and characteristics (eg, etiology, level of amputation, time since amputation)
limit the generaliz-ability of the study findings and the ability to analyze all variables that
may influence physical activity after dysvascular LLA. Due to the cross-sectional nature of
this study, causality of the explanatory variables on the primary outcome cannot be assessed.
Furthermore, there are inherent limitations to self-reported pre-amputation walking time.
Based on the study findings and limitations, future prospective studies aimed at identifying
variables that influence daily step count at post-LLA phases (eg, acute, >5 years) should
have larger sample sizes with a greater proportion of women and objectively quantify daily
step count prior to dysvascular LLA.

Conclusion

Daily step count for people with dysvascular LLA is in the lowest category of sedentary
activity. Physical function, the presence of cardiovascular disease, and pre-amputation

PM R. Author manuscript; available in PMC 2021 July 06.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

Page 9

walking time explain 62% of daily step count in a sample of people with dysvascular LLA
who are less than 5 years post-amputation, largely transtibial, and male. Although physical
rehabilitation commonly features physical function interventions, strategies to increase
physical activity after dysvascular LLA should also consider the influence of chronic disease
and health behaviors that predate LLA.

Disclosure

Funding

M.J.M. Physical Therapy Program, Department of Physical Medicine and Rehabilitation, University of Colorado,
Aurora, CO, Geriatric Research Education and Clinical Center, VA Eastern Colorado Healthcare System, Denver,

CO. Address correspondence to: M.J.M., PT, DPT, NCS, Anschutz Medical Campus, Mail Stop C244, 13121 East
17th Avenue, Aurora, CO 80045. matthew.j4.miller@ucdenver.edu

Disclosures related to this publication: grant, NIH, VA (money to author and institution); other, Foundation for
Physical Therapy (money to author).

P.F.C. College of Nursing, University of Colorado, Aurora, CO

Disclosures outside this publication: consultancy, Academic Impressions, Inc. (money to author and institution);
employment, University of Colorado College of Nursing (money to author); grants/pending grants, HRSA, NIH,
SAMHSA, CDC, AHRQ (all are Federal agencies) (money to institution); payment for lectures including service on
speakers bureaus, Children’s Hospital of Colorado (money to institution), University of Colorado Health (money to
author and institution), Mayo Clinic (money to institution), University of Wyoming (money to author), Association
of Nurses in AIDS Care (money to institution), University of Kentucky (money to institution), Montana State
Department of Health (money to institution).

P.W.K. Physical Therapy Program, Department of Physical Medicine and Rehabilitation, University of Colorado,
Aurora, CO

Disclosures related to this publication: grant, NIH/NCATS (money to author - Supported by NIH/NCATS Colorado
CTSA Grant Number TL1 TR002533. Contents are the authors’ sole responsibility and do not necessarily represent
official NIH views.)

C.B.A. Physical Therapy Program, Department of Physical Medicine and Rehabilitation, University of Colorado,
Aurora, CO

Disclosures related to this publication: grant, National Institute of Health (NIH), Veterans Affairs (VA) (money to
institution); Disclosures outside this publication: grants/pending grants, Hanger, Inc. (money to author - Pilot
Research Funding); stock/stock options, Boston Orthotics and Prosthetics (money to author - Employee Stock
ownership).

J.E.S-L. Physical Therapy Program, Department of Physical Medicine and Rehabilitation, University of Colorado,
Aurora, CO, Geriatric Research Education and Clinical Center, VA Eastern Colorado Healthcare System, Denver,
CO.

Disclosures outside this publication: grants/pending grants, NIH, VA, AHRQ (money to institution).

C.L.C. Physical Therapy Program, Department of Physical Medicine and Rehabilitation, University of Colorado,
Aurora, CO, Geriatric Research Education and Clinical Center, VA Eastern Colorado Healthcare System, Denver,
Co.

Disclosures outside this publication: grants/pending grants, NIH, VA, AHRQ (money to institution).

All financial disclosures and CME information related to this article can be found on the mé ® site (http://
me.aapmr.org/) prior to accessing the activity.

This work was supported by the National Institutes of Health (NIH K12 HD055931, NIH/National Center for
Advancing Translational Sciences [NCATS] UL1-TR001082), the Department of Veterans Affairs Rehabilitation
Research and Development (RR&D) Small Projects in Rehabilitation Research [RX002054-01A1], and the
Foundation for Physical Therapy Promotion of Doctoral Studies Scholarship. This material is based upon work

PM R. Author manuscript; available in PMC 2021 July 06.


http://me.aapmr.org/
http://me.aapmr.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al. Page 10

supported in part by facilities of the VA Eastern Colorado Healthcare System. The views expressed in this article
are those of the authors and do not necessarily reflect the position or policy of the Department of \Veterans Affairs or
the United States Government.

References

1. Christiansen CL, Fields T, Lev G, Stephenson RO, Stevens-Lapsley JE. Functional outcomes after
the prosthetic training phase of rehabilitation after dysvascular lower extremity amputation. PM R.
2015; 7:1118-1126. [PubMed: 25978948]

2. Coffey L, Gallagher P, Desmond D. Goal pursuit and goal adjustment as predictors of disability and
quality of life among individuals with a lower limb amputation: a prospective study. Arch Phys Med
Rehabil. 2014;95:244-252. [PubMed: 23994250]

3. Norvell DC, Turner AP, Williams RM, Hakimi KN, Czerniecki JM. Defining successful mobility
after lower extremity amputation for complications of peripheral vascular disease and diabetes. J
Vasc Surg. 2011;54:412-419. [PubMed: 21531528]

4. Norvell DC, Williams RM, Turner AP, Czerniecki JM. The development and validation of a novel
outcome measure to quantify mobility in the dysvascular lower extremity amputee: the amputee
single item mobility measure. Clin Rehabil. 2016;30:878-889. [PubMed: 27496697]

5. Bussmann JB, van den Berg-Emons HJ, Angulo SM, Stijnen T, Stam HJ. Sensitivity and
reproducibility of accelerometry and heart rate in physical strain assessment during prosthetic gait.
Eur J Appl Physiol. 2004;91:71-78. [PubMed: 13680239]

6. Bussmann JB, Schrauwen HJ, Stam HJ. Daily physical activity and heart rate response in people
with a unilateral traumatic transtibial amputation. Arch Phys Med Rehabil. 2008;89:430-434.
[PubMed: 18295619]

7. Desveaux L, Goldstein RS, Mathur S, et al. Physical activity in adults with diabetes following
prosthetic rehabilitation. Can J Diabetes. 2016;40:336-341. [PubMed: 27052673]

8. Nelson ME, Rejeski WJ, Blair SN, et al. Physical activity and public health in older adults:
recommendation from the American College of Sports Medicine and the American Heart
Association. Med Sci Sports Exerc. 2007;39:1435-1445. [PubMed: 17762378]

9. U.S. Department of Health and Human Services. 2008 Physical activity guidelines for Americans
2008.

10. Robitaille A, Muniz G, Lindwall M, et al. Physical activity and cognitive functioning in the oldest
old: within- and between-person cognitive activity and psychosocial mediators. Eur J Ageing.
2014;11: 333-347. [PubMed: 25598770]

11. American Diabetes Association. Lifestyle Management. Diabetes Care. 2017;40:S33-S43.
[PubMed: 27979891]

12. Hamburg NM, Balady GJ. Exercise rehabilitation in peripheral artery disease. Circulation.
2011;123:87 LP-97. [PubMed: 21200015]

13. Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC guideline on the management
of patients with lower extremity peripheral artery disease: a report of the American college of
cardiology/american heart association task force on clinical practice guidelines. Circulation.
2017;135:e726-e779. [PubMed: 27840333]

14. Colberg SR, Sigal RJ, Yardley JE, et al. Physical activity/exercise and diabetes: a position
statement of the american diabetes association. Diabetes Care. 2016;39:2065 LP-2079. [PubMed:
27926890]

15. Paxton RJ, Murray AM, Stevens-Lapsley JE, Sherk KA, Christiansen CL. Physical activity,
ambulation, and comorbidities in people with diabetes and lower-limb amputation. J Rehabil Res
Dev. 2016;53:1069-1078. [PubMed: 28355032]

16. Langford J, Dillon MP, Granger CL, Barr C. Physical activity participation amongst individuals
with lower limb amputation [published online ahead of print 1 05, 2018]. Disabil Rehabil.
10.1080/09638288.2017.1422031.

17. Sions JM, Arch ES, Horne JR. Self-reported functional mobility, balance confidence, and
prosthetic use are associated with daily step counts among individuals with a unilateral transtibial
amputation. J Phys Act Health. 2018;15:423-429. [PubMed: 29771620]

PM R. Author manuscript; available in PMC 2021 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

18.

19.

20.

21.

22.

23.

24

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 11

Ziegler-Graham K, MacKenzie EJ, Ephraim PL, Travison TG, Brookmeyer R. Estimating the
prevalence of limb loss in the United States: 2005 to 2050. Arch Phys Med Rehabil. 2008;89:422—
429. [PubMed: 18295618]

Dillingham TR, Pezzin LE. Rehabilitation setting and associated mortality and medical stability
among persons with amputations. Arch Phys Med Rehabil. 2008;89:1038-1045. [PubMed:
18503797]

Lee JA, Williams SM, Brown DD, Laurson KR. Concurrent validation of the Actigraph gt3x+,
polar active accelerometer, Omron HJ-720 and Yamax Digiwalker SW-701 pedometer step counts
in lab-based and free-living settings. J Sports Sci. 2015;33:991-1000. [PubMed: 25517396]
Aadland E, Ylvisaker E. Reliability of the Actigraph GT3X+ accelerometer in adults under free-
living conditions. PLoS One. 2015;10: e0134606. [PubMed: 26274586]

Learmonth YC, Dlugonski DD, Pilutti LA, Sandroff BM, Motl RW. The reliability, precision and
clinically meaningful change of walking assessments in multiple sclerosis. Mult Scler. 2013;19:
1784-1791. [PubMed: 23587605]

Block VAJ, Pitsch E, Tahir P, Cree BAC, Allen DD, Gelfand JM. Remote physical activity
monitoring in neurological disease: a systematic review. PL0oS One. 2016;11:€0154335. [PubMed:
27124611]

. Bussmann HB, Reuvekamp PJ, Veltink PH, Martens WL, Stam HJ. Validity and reliability of

measurements obtained with an “activity monitor” in people with and without a transtibial
amputation. Phys Ther. 1998;78:989-998. [PubMed: 9736896]

Troiano RP. Large-scale applications of accelerometers: new frontiers and new questions. Med Sci
Sports Exerc. 2007;39:1501. [PubMed: 17805080]

Tudor-Locke C, Camhi SM, 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. [PubMed: 22698174]

Trost SG, Mciver KL, Pate RR. Conducting accelerometer-based activity assessments in field-
based research. Med Sci Sports Exerc. 2005;37:531-543.

Atkin AJ, Gorely T, Clemes SA, et al. Methods of measurement in epidemiology: sedentary
behaviour. Int J Epidemiol. 2012;41:1460-1471. [PubMed: 23045206]

Bassett DRJ, Wyatt HR, Thompson H, Peters JC, Hill JO. Pedometer-measured physical activity
and health behaviors in U.S. adults. Med Sci Sports Exerc. 2010;42:1819-1825. [PubMed:
20305579]

Agha Z, Lofgren RP, VanRuiswyk JV, Layde PM. Are patients at Veterans Affairs medical centers
sicker? A comparative analysis of health status and medical resource use. Arch Intern Med. 2000;
160:3252-3257. [PubMed: 11088086]

Hoerster KD, Lehavot K, Simpson T, McFall M, Reiber G, Nelson KM. Health and health behavior
differences: U.S. Military, veteran, and civilian men. Am J Prev Med. 2012;43:483-489. [PubMed:
23079170]

Lefebvre KM, Lavery LA. Disparities in amputations in minorities. Clin Orthop Relat Res.
2011;469:1941-1950. [PubMed: 21384209]

Sansam K, Neumann V, O’Connor R, Bhakta B. Predicting walking ability following lower limb
amputation: a systematic review of the literature. J Rehabil Med. 2009;41:593-603. [PubMed:
19565152]

Kahle JT, Highsmith MJ, Schaepper H, Johannesson A, Orendurff MS, Kaufman K. Predicting
walking ability following lower limb amputation: an updated systematic literature review. Technol
Innov. 2016; 18:125-137. [PubMed: 28066522]

Persson BM, Liedberg E. A clinical standard of stump measurement and classification in lower
limb amputees. Prosthet Orthot Int. 1983;7:17-24. [PubMed: 6856447]

Chakrabarty BK. An audit of the quality of the stump and its relation to rehabilitation in lower limb
amputees. Prosthet Orthot Int. 1998; 22:136-146. [PubMed: 9747998]

Kalyani RR, Saudek CD, Brancati FL, Selvin E. Association of diabetes, comorbidities, and A1C
with functional disability in older adults: results from the National Health and Nutrition
Examination Survey (NHANES), 1999-2006. Diabetes Care. 2010;33:1055-1060. [PubMed:
20185736]

PM R. Author manuscript; available in PMC 2021 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 12

Groll DL, To T, Bombardier C, Wright JG. The development of a comorbidity index with physical
function as the outcome. J Clin Epidemiol. 2005;58:595-602. [PubMed: 15878473]

Kulkarni J, Pande S, Morris J. Survival rates in dysvascular lower limb amputees. Int J Surg.
2006;4:217-221. [PubMed: 17462354]

Schoppen T, Boonstra A, Groothoff JW, de Vries J, Goeken LN, Eisma WH. Physical, mental, and
social predictors of functional outcome in unilateral lower-limb amputees. Arch Phys Med
Rehabil. 2003;84:803-811. [PubMed: 12808530]

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the
cognitive state of patients for the clinician. J Psychiatr Res. 1975;12:189-198. [PubMed: 1202204]

Creavin ST, Wisniewski S, Noel-Storr AH, et al. Mini-Mental State Examination (MMSE) for the
detection of dementia in clinically unevaluated people aged 65 and over in community and primary
care populations [published online ahead of print 1 13, 2016]. Cochrane Database Syst Rev.
10.1002/14651858.CD011145.pub2.

Zhang M, Wang H, Li T, Yu X. Prevalence of neuropsychiatric symptoms across the declining
memory continuum: an observational study in a memory clinic setting. Dement Geriatr Cogn Dis
Extra. 2012;2:200-208. [PubMed: 22719746]

Hoyl MT, Alessi CA, Harker JO, et al. Development and testing of a five-item version of the
Geriatric Depression Scale. J Am Geriatr Soc. 1999;47:873-878. [PubMed: 10404935]

Rinaldi P, Mecocci P, Benedetti C, et al. Validation of the five-item geriatric depression scale in
elderly subjects in three different settings. J Am Geriatr Soc. 2003;51:694-698. [PubMed:
12752847]

Ouellette JA, Wood W. Habit and intention in everyday life: the multiple processes by which past
behavior predicts future behavior. Psychol Bull. 1998;124:54-74.

Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults’ participation in physical
activity: review and update. Med Sci Sport Exerc. 2002;34:1996-2001.

Alexander NB, Guire KE, Thelen DG, et al. Self-reported walking ability predicts functional
mobility performance in frail older adults. J Am Geriatr Soc. 2000;48:1408-1413. [PubMed:
11083316]

Studenski S, Perera S, Patel K, et al. Gait speed and survival in older adults. JAMA. 2011;305:50-
58. [PubMed: 21205966]

Brooks D, Hunter JP, Parsons J, Livsey E, Quirt J, Devlin M. Reliability of the two-minute walk
test in individuals with transtibial amputation. Arch Phys Med Rehabil. 2002;83:1562-1565.
[PubMed: 12422326]

Butland RJ, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-, six-, and 12-minute walking
tests in respiratory disease. Br Med J (Clin Res Ed). 1982;284:1607-1608.

Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional mobility for frail
elderly persons. J Am Geriatr Soc. 1991;39:142-148. [PubMed: 1991946]

Shumway-Cook A, Brauer S, Woollacott M. Predicting the probability for falls in community-
dwelling older adults using the timed up & go test. Phys Ther. 2000;80:896-903. [PubMed:
10960937]

Miller WC, Deathe AB, Speechley M. Lower extremity prosthetic mobility: a comparison of 3 self-
report scales. Arch Phys Med Rehabil. 2001;82:1432-1440. [PubMed: 11588750]

Franchignoni F, Giordano A, Ferriero G, Orlandini D, Amoresano A, Perucca L. Measuring
mobility in people with lower limb amputation: rasch analysis of the mobility section of the
prosthesis evaluation questionnaire. J Rehabil Med. 2007;39:138-144. [PubMed: 17351696]
Heinze G, Wallisch C, Dunkler D. Variable selection — A review and recommendations for the
practicing statistician. Biom J. 2018;60:431-449. [PubMed: 29292533]

Tudor-Locke C, Johnson WD, Katzmarzyk PT. Accelerometer-determined steps per day in US
adults. Med Sci Sports Exerc. 2009; 41:1384-1391. [PubMed: 19516163]

Tudor-Locke C, Craig CL, Aoyagi Y, et al. How many steps/day are enough? For older adults and
special populations. Int J Behav Nutr Phys Act. 2011;8:80. [PubMed: 21798044]

Schmid D, Ricci C, Leitzmann MF. Associations of objectively assessed physical activity and
sedentary time with all-cause mortality in US adults: the NHANES study. PLoS One.
2015;10:e0119591. [PubMed: 25768112]

PM R. Author manuscript; available in PMC 2021 July 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Page 13

McDermott MM, Greenland P, Ferrucci L, et al. Lower extremity performance is associated with
daily life physical activity in individuals with and without peripheral arterial disease. J Am Geriatr
Soc. 2002;50:247-255. [PubMed: 12028205]

Rejeski WJ, Spring B, Domanchuk K, et al. A group-mediated, home-based physical activity
intervention for patients with peripheral artery disease: effects on social and psychological
function. J Transl Med. 2014;12:29. [PubMed: 24467875]

Sattelmair J, Pertman J, Ding EL, Kohl HW 3rd, Haskell W, Lee 1-M. Dose response between
physical activity and risk of coronary heart disease: a meta-analysis. Circulation. 2011;124:789—
795. [PubMed: 21810663]

Hupin D, Roche F, Gremeaux V, et al. Even a low-dose of moderate-to-vigorous physical activity
reduces mortality by 22% in adults aged =60 years: a systematic review and meta-analysis. Br J
Sports Med. 2015;49:1262 LP-1267. [PubMed: 26238869]

Dite W, Connor HJ, Curtis HC. Clinical identification of multiple fall risk early after unilateral
transtibial amputation. Arch Phys Med Rehabil. 2007;88:109-114. [PubMed: 17207685]

The Rehabilitation of Individuals with Lower Limb Amputation Work Group. VA/DoD Clinical
Practice Guidelines for Rehabilitation of Individuals with Lower Limb Amputation. Washington,
DC: Department of Veterans Affairs & Department of Defense; 2017.

Conraads VM, Deaton C, Piotrowicz E, et al. Adherence of heart failure patients to exercise:
barriers and possible solutions. Eur J Heart Fail. 2012;14:451-458. [PubMed: 22499542]

Riegel B, Moser DK, Buck HG, et al. Self-care for the prevention and management of
cardiovascular disease and stroke: a scientific statement for healthcare professionals from the
American heart association. J Am Heart Assoc. 2017;6:1-27.

Madsen UR, Baath C, Berthelsen CB, et al. Age and health-related quality of life, general self-
efficacy, and functional level 12 months following dysvascular major lower limb amputation: a
prospective longitudinal study [published online ahead of print 6 29, 2018]. Disabil Rehabil.
10.1080/09638288.2018.1480668

Madsen UR, Baath C, Berthelsen CB, Hommel A. A prospective study of short-term functional
outcome after dysvascular major lower limb amputation. Int J Orthop Trauma Nurs. 2018;28: 22—
29. [PubMed: 28866377]

Christiansen CL, Miller MJ, Murray AM, et al. Behavior-change intervention targeting physical
function, walking, and disability after dysvascular amputation: a randomized controlled pilot trial.
Arch Phys Med Rehabil. 2018;99:2160-2167. [PubMed: 29746823]

Sweet SN, Fortier MS, Guerin E, et al. Understanding physical activity in adults with type 2
diabetes after completing an exercise intervention trial: a mediation model of self-efficacy and
autonomous motivation. Psychol Health Med. 2009;14:419-429. [PubMed: 19697252]

Mier N, Medina AA, Ory MG. Mexican Americans with type 2 diabetes: perspectives on
definitions, motivators, and programs of physical activity. Prev Chronic Dis. 2007;4:A24.
[PubMed: 17362615]

Cunningham MA, Swanson V, Pappas E, et al. Iliness beliefs and walking behavior after
revascularization for intermittent claudication: a qualitative study. J Cardiopulm Rehabil Prev.
2014;34: 195-201. [PubMed: 24603143]

Galea Holmes MN, Weinman JA, Bearne LM. “You can’t walk with cramp!” A qualitative
exploration of individuals’ beliefs and experiences of walking as treatment for intermittent
claudication. J Heal Psychol. 2017;22:255-265.

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating
and physical activity interventions: a meta-regression. Health Psychol. 2009;28:690-701.
[PubMed: 19916637]

Miller MJ, Stevens-Lapsley J, Fields TT, et al. Physical activity behavior change for older veterans
after dysvascular amputation. Contemp Clin Trials. 2017;55:10-15. [PubMed: 28153768]

PM R. Author manuscript; available in PMC 2021 July 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Miller et al.

Page 14

CME Question

In this study, which of the following is associated with greater daily step count in
patients with lower limb amputation?

a. Use of assistive device

b. Lesser pre-amputation walking time
C. Greater 2 minute walking distance
d. Presence of cardiovascular disease

Answer online at http://me.aapmr.org
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Table 1

Physical Activity
Steps/day
Accelerometer wear time (min)

Demographics and Anthropometrics
Age (y)

Sex (% male)
BMI (kg/m?)

Race/ethnicity
Caucasian
Hispanic
African American
Native American

Healthcare system (%VA)

Lower Limb Amputation Characteristics
Time since lower-limb amputation (months)
Chakrabarty score
Presence of residual limb wound

Level of amputation
Transtibial lower-limb amputation

Comorbidities and Health Behaviors
Mini-Mental State Exam Score
Geriatric Depression Scale Score
Functional Comorbidity Index (no. of comorbid conditions)
Diabetes mellitus (DM)

Peripheral artery disease (PAD)

DM and PAD (% with both diagnoses)

Depression

Anxiety

Degenerative disk disease

Cardiovascular disease

Pulmonary disease

Arthritis

Prior smoking history

Walking time prior to lower limb amputation (minutes)

Physical Function
Use of assistive device
Timed Up-and-Go (s)
2-Minute Walk Test (m)
5-Meter Walk Test (m/s)

1450 (1309)
826 (240)

64.4 (9.0)
94.8%
30.3(7.8)

70.7%
12.1%
10.3%
6.9%
69.0%

16.3 (19.0)
81.3 (15.5)
13.8%

94.8%

28.3(2.0)
3.0(2.9)
6.3(2.8)
70.7%
56.9%
32.8%
22.4%
20.7%
34.5%
86.2%
24.1%
48.3%
72.4%
355.1 (246.0)

43.1%
20.4 (13.7)
89.2 (35.8)
0.81 (0.29)
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N =58
Pain with gait (0-10) 09(2.1)
Prosthesis Evaluation Questionnaire - Mobility Subscale Score 2.6 (0.8)

Data are mean (SD) unless otherwise specified.
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