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Summary of Modifications to Protocol Version 2.0 for Version 3.0

Version
(date)

Section Brief Summary of Modification

9-5-2018

10.1 and 10.2 We removed the Biodex ankle plantarflexion-dorsiflexion measurement
from the baseline and 16-week follow-up assessments. We will test Biodex
knee flexion/extension only, which is the best representative marker for
torque/ power production and importantly related to gait and mobility
function. The Biodex ankle test is less reliable and the knee test a better
performance predictor. When investigators looked at data from the CAP-MP
companion study, they learned that many in this functionally very
challenged cohort could not achieve the 60 deg/sec needed to perform the
ankle test; thus, the torque/power was not calculated, as there was more
missing data for the Biodex ankle test than for the Biodex knee test which
was more complete. The ankle test for the selected contraction velocity is
more difficult for many in this study population to achieve in order to
capture valid measurement. Therefore, experts in the Department of Physical
Therapy and Rehabilitation Science (PTRS) suggest using the Biodex knee
test only for the current pilot study because it more accurately represents the
entire subject cohort being tested. Participants will be able to correctly
perform the knee test which was not true for the ankle test in the companion
study.

10.1 and 10.2 We added the Four-Square Step Test (FSST) to be done at the baseline and
16-week follow-up visits as a dynamic balance assessment.

Summary of Modifications to Protocol Version 1.0 for Version 2.0

Version
(date)

Section Brief Summary of Modification

7-24-2018

All sections Changed study clinician to study physician

12.5 and Figures 5b-d Modified procedures for reportable adverse events to coincide with reporting
procedures outlined by NIA and the Pepper Center OAIC.

7.5 Modified recruitment procedures to describe how patients will be contacted
after discharge from the hospital and how potential participants who contact
the study office will undergo a brief pre-screening to assess eligibility.

17 Modified the publication policy to state that publications will be overseen by
study leadership and added a note that final papers using CAP or CAP-MP
data may need to be reviewed by the CAP PASC.
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Section 1: Executive Summary

Hip fracture is a common problem among older individuals. This year in the United States
approximately 260,000 people aged 65 and older will break a hip. The goal of current standard
of care after hip fracture is to achieve independent, household ambulation 2-3 months after
surgery, yet decreased functional ability typically persists well beyond three months and many
patients never resume independent ambulation outside the home. Previous research has
established that one must be able to walk at least 300 meters (~330 yards) within 6 minutes to
re-establish routine interactions in the community, such as going to the store or to church. In
part, this is based on the average distance from handicapped parking spaces into most facilities.
Activity and exercise are believed to be of benefit for reducing disability in older adults, yet the
majority of older adults does not participate in regular exercise and is not active. This is
especially true for older adults following hip fracture after they complete the usual rehabilitation
program.

This research study is being done to test a 16-week, multi-part exercise intervention for hip
fracture patients that will be supervised by specially trained physical therapists (PTs). The
exercise intervention uses a novel machine to provide strength and endurance training in the
home. This has been shown in smaller studies to be safe and effective at increasing strength.
We want to test whether adding a protein supplement to the exercise intervention leads to more
improvements in a person’s ability to walk in their own home and in the local community. With
this knowledge, we hope to help a greater number of hip fracture patients enjoy a more
complete recovery and improved overall health.

The research is based on the premise that successful community ambulation requires certain
factors that are influenced by underlying physical or chemical processes. The key factors
include endurance, walking speed, muscle strength, balance, lower extremity function, skeletal
integrity, and fracture healing. We believe that physical activity and protein supplementation can
impact these factors to improve the ability to walk. We want to gain a better understanding of
which factors play a role by performing tests that measure physical function, strength, balance,
level of inflammation, bone turnover rate, muscle density, and body composition.

Participant data from this pilot study will be compared to data from participants who received the
PUSH intervention without protein in two recently completed studies: 1) Community Ambulation
Project (CAP parent study) and 2) Community Ambulation Project- Mechanistic Pathways (CAP-
MP ancillary study).

Study Title
PUSH Plus Protein Pilot Study for Hip Fracture Patients (hereafter referred to as PUSH Plus
Protein)

Objectives

The primary outcome will be to test whether the PUSH Plus Protein intervention improves
community ambulation (as measured by distance walked in six minutes) compared to PUSH
intervention alone (from CAP study) at the end of 16 weeks. The effects of PUSH Plus Protein
on precursors to community ambulation compared to the PUSH intervention alone (CAP study)
and the effects of PUSH Plus Protein intervention on the mechanistic factors compared to
PUSH intervention alone (from CAP-MP study) will also be examined. In addition, the safety and
tolerability of delivering the PUSH Plus Protein intervention to hip fracture patients will be
assessed.

PUSH Plus Protein Pilot Protocol version3.0 2



Design and Outcomes

In addition to providing important information on adherence, feasibility, and safety, this pilot
study of 30 hip fracture patients has the unique advantage of being able to compare data to two
recently completed studies where participants received the PUSH intervention without protein
supplementation described below.

Participants in this pilot will receive the same specific multi-component 16-week intervention,
PUSH, as participants in the multi-site CAP randomized controlled trial. The PUSH intervention
uses a novel machine to provide strength and endurance training in the home. The purpose of
this pilot study is to test whether adding a protein supplement to the PUSH intervention leads to
greater improvement in a person’s functional ability compared to the PUSH intervention alone;
therefore, data in this pilot study will be compared to data from participants in the CAP study
across the three clinical sites who received the PUSH intervention alone (n=105). Our working
hypothesis is that PUSH Plus Protein will lead to greater improvements in ability to walk in the
community compared to PUSH measured using the distance walked in six minutes (SMWT).

We will also compare the effect of PUSH Plus Protein intervention to PUSH intervention alone
on secondary outcomes in the CAP study believed to be precursors to community ambulation
including activities of daily living (ADLs), quality of life, lower extremity physical performance,
increase of = 50 meters in distance walked in six minutes, cognitive status, and nutritional
status.

We can also compare participants in the pilot study to participants who received PUSH alone in
the CAP-MP study (HP-53145) (n=19) to examine whether PUSH Plus

Protein has an impact on the mechanistic factors on the pathway to recovery of ambulatory
ability after hip fracture. We will assess whether, at the end of the 16 week intervention,
participants in the PUSH Plus Protein intervention, compared to PUSH alone, have: a) greater
muscle volume and attenuation (i.e., reduced intra-muscular fat) of the thigh; b) greater lower
extremity strength; c) better gait parameters; d) greater bone mineral density and bone strength;
e) more bone formation and less bone resorption; and f) lower levels of circulating inflammatory
cytokines.

The pilot study will provide important information related to the safety and tolerability of
delivering the PUSH Plus Protein intervention to hip fracture patients. We will also be able to
estimate the sample size requirements for a more definitive study.

Study activities for participants meeting eligibility criteria will take place after post-acute
rehabilitation ends, up to 26 weeks after admission to the hospital for hip fracture. Patients age
60 and older who have had surgical repair for hip fracture will be identified in study hospitals or
by self-referral and evaluated for eligibility. Following consent to participate, eligible participants
will undergo a comprehensive baseline assessment. Participants completing the required
measures of the baseline assessment will be eligible to receive the intervention. All participants
will receive the PUSH Plus Protein intervention. The follow-up assessment will occur after the
intervention is completed, approximately 16 weeks after baseline testing.

Interventions and Duration

All participants will receive the PUSH Plus Protein intervention. Within a week of completing
baseline testing, the study physical therapist (PT) will initiate the exercise intervention and the
protein supplement in the home setting. Participants will receive two physical therapy visits a
week for 16 weeks, on non-consecutive days, for a total of 32 visits. Each visit will last
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approximately 60 minutes. Visits will take place in the participant’s place of residence. At the
same time, participants will receive a daily whey-based protein powder supplement containing
27.6g of protein. Participants will also receive 2,000 IU of vitamin D3, 600 mg of calcium, and a
multivitamin daily during the 16-week study period and counseling with a registered dietician to
ensure body weight stability and adequate nutrient intake inclusive of a healthy diet.

PUSH Exercise Intervention

The PUSH exercise intervention is based on improving specific precursors to community
ambulation. The intervention addresses endurance with continuous upright exercise for 20
minutes; function by improving fast walking needed to navigate streets outdoors, standing from
a chair, and stair negotiation; muscle performance by exercising to enhance lower extremity
strength in functionally relevant muscles moving through locomotion-appropriate movements
and ranges; and balance by performing unilateral activities and activities with decreased base of
support. The components of exercise are woven together into one program that minimizes
participant burden. Participants will be instructed to complete the endurance component
independently one to two times/week by walking for a similar duration and intensity as they have
been doing with the PT during the supervised visits.

The strength components of the muscle performance intervention will be performed using a
portable progressive resistive exercise device (Shuttle® MiniPress, Contemporary Design
Company, P.O. Box 5089, Glacier, WA 98244). Muscle performance will focus on bilateral hip
extensors, hip abductors, knee extensors, and plantar flexors because of their role in function,
specifically gait and transfer activities. Balance and strength will be addressed with additional
exercises performed while standing. The endurance intervention will begin initially with two to
three minutes of continuous upper and lower extremity active range of motion (AROM) with the
participant sitting. These exercises are intended to increase the participants’ heart rate (HR) or
exertion closer to the target zone. The participant will then be asked to walk on level surfaces
and up and down a single or multiple steps, if able and available, to keep the HR within the
training zone for 20 minutes. The PT may also engage the participant in additional exercises
such as upper and lower extremity AROM exercises to keep the HR elevated.

As a measure of treatment fidelity, we will monitor physiologic response (heart rate) during the
intervention sessions by measuring heart rate. Heart rate monitoring will provide a dichotomous
variable reflecting whether, during each segment of the intervention session, the participant’s
average HR was equal to or greater than his or her target heart rate (£5 beats).

Protein Supplement

Participants will receive a whey-based protein powder supplement containing 27.6g of protein.
This dose induces maximum muscle protein synthesis post-exercise. Participants will mix the
supplement in 8 oz. of water (or other beverage) or soft food (e.g., yogurt, soup) and consume
immediately following each exercise session with the study PT. On days when they do not have
a physical therapy visit with the study PT, participants will be instructed to take the supplement
at the meal time closest to the time of scheduled PT visits to maintain regular daily dosing
schedule.

Nutrition Intervention

Given the importance of maintaining nutrition in older adults after an acute event, we will provide
all participants with 2000 U vitamin D3, 600 mg of calcium, and a multivitamin daily for the
duration of the 16-week study. Nutritional counseling will also be provided to ensure weight
stability, adequate nutrient intake of 1.2-1.5 g protein/kg body weight inclusive of a healthy diet
(50% carbohydrate, 20% protein, 30% fat). Participants will be screened at the time of baseline
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testing to assess nutritional risk using the Mini Nutritional Assessment-Short Form (MNA®-SF).
Those who score <7 (malnourished) on the MNA®-SF at baseline and participants with serum
albumin 2.5-3.5 g/dl (regardless of the score on MNA®-SF) will receive a visit from a registered
dietician (RD) in their place of residence within seven days of baseline testing. The RD will
evaluate and counsel them on making dietary modifications based on their protein, caloric and
other dietary deficiencies using a standardized approach across the three study sites. The RD
will follow up with participants by telephone one week after the visit to assess understanding
and implementation of recommendations. Participants who score 8-11 (at risk of malnutrition) on
MNA®-SF at baseline and have serum albumin level >3.5 g/dl will receive a telephone dietary
consultation with the RD within seven days of baseline testing. Based on the participant's eating
habits and food intake, the RD may make the clinical determination that an in-person
consultation is warranted. In these cases, the RD will schedule an in-person dietary
consultation, following the same protocol as those who score in the malnourished range. Those
screening in the normal range (with a score 212 on the MNA®-SF) at baseline and who have
serum albumin level >3.5 g/dl will receive brief telephone contact within seven days of baseline
testing from the RD to discuss the importance of calorie and protein intake. Weight will be
monitored during home PT visits every four weeks and those who lose 2% or more body weight
in a four-week period will receive another telephone consultation by the study RD. This protocol
applies to anyone who loses 2% or more of body weight, regardless of whether the participant is
trying to lose weight. In the event that a weight measurement is not obtained at the last PT visit,
the participant’s weight at the 16-week follow-up assessment will be compared to his or her
baseline weight and, if there is weight loss of 5% or more, the study physician will review the
participant’s weight trajectory, baseline BMI, baseline MNA®-SF score, and registered
dietician’s documentation and, if warranted based on clinical judgment, will refer the participant
to a dietician or medical provider for follow-up of possible poor nutritional status.

Sample Size and Population

The target sample size for this pilot study is 30 hip fracture patients who will receive the PUSH
Plus Protein intervention. Study inclusion criteria are: 1) Closed, non-pathologic, minimal
trauma hip fracture with surgical fixation; 2) Age 60 or older at time of baseline testing; 3) Living
in the community at time of fracture and at time of baseline testing; and 4) Ambulating without
human assistance during the two months prior to fracture. Participants for whom it is not safe to
participate in the intervention will be excluded, as will those who are very unlikely to benefit and
in whom the intervention is not feasible.

Section 2: Clinical Site

University of Maryland Baltimore
Denise Orwig, PhD

Principal Investigator

660 W. Redwood Street, Suite 200
Baltimore, MD 21201

Phone: 410-706-2406

Fax: 410-706-4433
dorwig@som.umaryland.edu
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Section 3: Study Organization

The PUSH Plus Protein Pilot study is a single-site study conducted at the University of Maryland
Baltimore. In addition to the Department of Epidemiology and Public Health (EPH) where the PI
has a faculty appointment, the project will utilize resources provided by the Department of
Physical Therapy and Rehabilitation Science (PTRS), University of Maryland General Clinical
Research Center (GCRC), University of Maryland Investigational Drug Service (IDS), Baltimore
Veteran’s Affairs Maryland Health Care System (VAMHCS), and the University of Maryland
Claude D. Pepper Older American Independence Center (UM-OAIC) Data and Safety
Monitoring Board (DSMB). Please see Section 18: for a complete Study Team Roster.

3.1 Study Administration

3.1.1 Study Chair
The principal investigator (PI) of the grant awarded by the National Institute on Aging (NIA) will
serve as the study chair. Responsibilities of the study chair will include:
e Providing overall organization and scientific direction of the trial
¢ Administering logistics for the Data and Safety Monitoring Board (DSMB) in consultation
with the NIA program official
e Providing updates on progress to the NIA
e Defining analyses of study data
e QOverseeing manuscript preparation

3.1.2 National Institute on Aging (NIA)
This is an investigator-initiated project and funding is provided by a MERIT Award. The funding
agency is the NIA. The PI will report study progress to the NIA on an annual basis unless asked
to report at a different interval. According to PA-10-067, a Non-Competing Continuation Grant
Progress Report (PHS 2590) will be completed by the Pl annually and financial statements
will be provided as required in the NIH Grants Policy Statement. A final progress report,
invention statement, and Financial Status Report will be submitted by the Pl when the award
is relinquished or when it is terminated.

3.1.3 Data and Safety Monitoring Board (DSMB)
The UM-OAIC DSMB reviews all reported adverse events (AEs), serious adverse events
(SAEs), and unanticipated problems, and compliance in accordance with NIH/NIA and local
UMB IRB guidance/polices. AEs, SAEs and unanticipated problems will be reported to the UM-
OAIC center director, UMB IRB, and NIH/NIA. The DSMB will base decisions regarding
continuation, modification, or termination on the study's ability to recruit subjects, patient
safety/risk changes, audit findings, and study non-compliance to adhere to protocol. The DSMB
will discharge itself from its duties when the study is complete.

3.1.4 Investigative Team
The Investigative Team will be charged with the overall governance of study conduct.
Responsibilities will include:
Approving the final protocol and manual of operations
Supervising the overall execution of the trial
Generating and approving study policies
Considering modifications of the protocol and study operations
Reviewing issues related to protocol deviations
Implementing recommendations of the DSMB
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All major scientific decisions will be determined by simple majority vote of the members of the
Investigative Team. If there is a tie or if investigators disagree, the study chair will make the
final decision. The Investigative Team will meet regularly throughout the study. All voting
members, as well as other investigators will be invited to participate.

3.1.5 UMB Investigational Drug Services (IDS)

The University of Maryland IDS is responsible for the purchasing, distributing, and accounting
procedures for all investigational drugs within the University of Maryland Medical Center
campus and will be responsible for preparing the vitamins/supplements for this project. The
vitamins/supplements for the study will be purchased and packaged through the University of
Maryland IDS. IDS will prepare “treatment kits” for each participant who receives the
intervention that will include all vitamins/supplements for the 16-week study period:

1.) 2000 IU vitamin D3, one tablet daily

2.) 600 mg calcium, one tablet daily

3.) Multivitamin, one tablet daily

Each treatment kit will contain four individual packs numbered 1-4. Each pack contains a 4-
week supply of vitamin D3, calcium, and a multivitamin. The IDS will prepare appropriate
packaging for each item in the treatment kit, with a label and directions for taking each product
that complies with legal requirements. Participants who have contraindications for calcium
supplementation (i.e., calculated creatinine clearance < 30 ml/min, elevated total or ionized
calcium, history of kidney stones, primary hyperparathyroidism, or sarcoidosis) will not be given
calcium.

Protein powder will be ordered by the study and shipped directly to IDS for labeling. The IDS will
prepare appropriate labeling for each container of protein powder that complies with legal
requirements. Each participant will receive four 2 Ib. containers of protein powder numbered 1-
4. Each container is a 30-day supply of protein powder.

3.1.6 University of Maryland General Clinical Research Center (GCRC)
Study staff will conduct assessments for baseline and 16-week follow-up visits at the University
of Maryland General Clinical Research Center (GCRC), located in the University of Maryland
Medical Center. The study will utilize GCRC space to draw blood, administer questionnaires,
and conduct performance measures, including the SMWT. The GCRC will provide blood draw
supplies and staff to process the screening blood samples. GCRC administrative staff will also
assist with reserving space for assessment visits.

3.1.7 Study Clinical Site
The study has a single clinical site with a Pl and coordinator. The clinical site is located at the
University of Maryland Baltimore (UMB).

Responsibilities of the clinical site Pl (with assistance from the coordinator) will include:

¢ Maintaining cooperation of study hospitals and other recruitment sites and ensuring that
medical staff involved with the care of hip fracture patients are well informed about the
trial

e Recruiting study participants according to the study protocol
Ensuring retention and adherence of study participants

e Performing all study-related assessments (including complete tracking of outcomes
during follow-up)
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e Overseeing completion of data collection forms and entering data and processing data
edit queries

e Training and supervising study staff; assigning tasks to data collectors, PTs, and
dieticians; and providing day-to-day supervision of their work

¢ Protecting participant safety and verifying that informed consent procedures are followed
according to Good Clinical Practice guidelines

o Properly maintaining all study materials and records
Reporting all RAEs and protocol deviations

e Participating in investigative team meetings and manuscript preparation

Section 4: Study Objectives

4.1 Primary Objective
The purpose of this study is to test whether adding a protein supplement to the PUSH
intervention (PUSH Plus Protein) initiated up to 26 weeks pot admission leads to greater
improvement in a person’s ability to walk in their own home and in the local community 16
weeks after study entry compared to the PUSH intervention alone; therefore, data in this pilot
study will be compared to data from participants in the CAP study across the three sites who
received the PUSH intervention alone (n=105). Our working hypothesis is that PUSH Plus
Protein will lead to greater improvements in ability to walk in the community compared to PUSH.

4.2 Secondary Objectives
We will compare the effect of PUSH Plus Protein intervention to PUSH intervention alone on
secondary outcomes in the CAP study believed to be precursors to community ambulation.
We can also compare participants in the pilot study to participants who received PUSH alone in
the CAP-MP study to examine whether PUSH Plus Protein has an impact on the mechanistic
factors on the pathway to recovery of ambulatory ability after hip fracture. Finally, we will assess
the safety and tolerability of delivering the PUSH Plus Protein intervention to hip fracture
patients.

Section 5: Background

Current standard Medicare-reimbursed rehabilitation therapy fails to restore community
ambulation to older persons who have had a hip fracture. A residual mobility disability similar to
that reported for stroke occurs in the majority of persons who “recover” from hip fracture.'? In
contrast to stroke, heart disease, and cancer, there are few intervention trials focused on
decreasing disability following hip fracture. The paucity of intervention trials is surprising since
there are over 325,000 hip fractures per year in the U.S.2 with a predicted increase to over
650,000 per year by 2040.# The estimated cost to hip fracture patients, their families and the
health care system is between $14 and $20 billion annually.5'® A Cochrane Collaboration
review on interventions post-hip fracture concluded that there is not sufficient evidence to
determine if the interventions evaluated substantially reduce residual disability and enhance
community ambulation.™

5.1 Residual Deficits in Precursors of Community Ambulation
Effective community ambulation requires sufficiency in five physical precursors: endurance;
dynamic balance; lower limb muscle strength; walking speed; and lower extremity function. The
precursors enable the person to get up out of bed, get out the front door, and participate in
community activities. Previous studies indicate significant residual impairments for persons with
hip fracture who have completed “usual’ care.
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Endurance. Deconditioning is expected following a hip fracture, but there is a paucity of
evidence on aerobic capacity from maximal treadmill or cycle ergometry exercise tests.'?'® The
only study that examined peak oxygen uptake (VO2 peak) values in 20 persons within a month
of fracture, reported significantly lower peak values in hip fracture vs healthy community-
dwelling older adults."”” The SMWT has been used as a proxy for aerobic capacity and is
considered an endurance measure in elderly, frail and severely compromised patients.'®
Performance on the SMWT by persons post-hip fracture closely resembles that of patients with
New York Heart Association class Il or IV heart failure who walk 217 meters on average.®
Mangione reported average SMWT distances of approximately 200 meters after usual care for
hip fracture.?® Work in Baltimore and in the pilot study for this trial indicate an average SMWT
distance of 154 m and 184 m, respectively, at six months post-fracture. This contrasts to 400
meters reported for 80-year-olds living in the community?' or 350 meters reported for a sample
of comparable age in the Cardiovascular Health Study.?

Balance. Dynamic balance is compromised after hip fracture. For example, at the end of usual
care (2-3 months post-fracture), 20% who had regained independence in ADL reported falling;
those who had fallen since hospital discharge had poorer balance compared to those who had
not fallen."?® Fifty-three percent of patients who were community dwelling pre-fracture fell one
or more times in the first six months post-fracture and 18% were readmitted to the hospital for
fall-related injury.! Balance deficits remain at seven months?* at a time when physical recovery
is reported to approach a plateau.?®%

Walking Speed. The proportion of individuals achieving independence in ambulation one year
post-fracture is between 30% and 83%, depending on the study.?’-** Reasons for the variation
in reported ambulatory status include the use of different measures, differences in the length of
follow-up time and different definitions of recovery. It has also been observed that recovery in
gait speed does not reach a plateau until almost a year post-fracture (Magaziner 2000)
suggesting that interventions prior to that time might add to the natural recovery process.

Lower Extremity Muscle Strength. Hip fracture is accompanied by rapid loss of muscle mass
and weakness.®*' Muscle weakness is not the sole impairment accounting for extensive residual
disability post-fracture, but its contribution is significant. Leg, thigh, and hip muscle weakness
are related to decreased muscle power and walking speed.3?3° Muscle weakness appears,
therefore, to be a major factor in producing mobility disability.

Lower Extremity Function. A hip fracture results in limited lower extremity function that, in turn,
compromises physical, instrumental and social function.®$37 At six months post-fracture when
physical recovery is reported to plateau, a limited proportion of hip fracture patients report
climbing a flight of stairs (8%) or walking one half a mile (6%).2*® The majority of patients who
report independent ambulation also report they do not walk as well they did prior to fracture.?>3°
Even at one year, most hip fracture patients do not return to pre-fracture functional status.6:384%-
4 They walk more unsteadily and more slowly for shorter distances.***°

Summary: The numbers and costs of hip fracture are significant, and one to two months of
usual care is inadequate for restoring function to this patient group. Most hip fracture patients
do not regain pre-fracture mobility status. Endurance, dynamic balance, walking speed, lower
extremity muscle strength, and lower extremity function are compromised and contribute to
failure to achieve community ambulation.
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5.2 Exercise Studies in Persons after Hip Fracture
Based on the results of Mangione’s survey of 1000 home care PTs,*8 we propose that a reason
for the residual disability after hip fracture is an inadequate dose of physical intervention during
usual care. A limited number of investigations have examined the direct effect of physical
interventions on increasing community ambulation. Only 15 studies were included in a
systematic review of physical therapy management of hip fracture. 4" A finding relevant to this
study is that usual care outcomes were similar for home, acute rehabilitation, or skilled nursing
facilities.

A Cochrane Collaboration review of exercise interventions ' identified 13 clinical trials in 1,065
patients and concluded that there was insufficient evidence to determine if physical intervention
affected outcome post-hip fracture. Seven trials'”#¢-5% provided intervention early
(approximately two months) after hip fracture. Various combinations of low intensity AROM or
flexibility exercises, functional training, strengthening, and balance exercise did not produce
outcomes that were different from “usual care” with three exceptions.'”*84° Since the Cochrane
review, two additional trials intervened with exercise programs early after hip fracture. One
offered a one-month intervention focused on falls efficacy and reported initial improvements in
walking outdoors and ADLs at two months post-fracture.>* Another trial reported no benefit in
knee extensor muscle strength or walking speed compared to the control group following a 16-
week, home-based strengthening program.®® We believe that differences were not observed
because the exercise dose was inadequate. This hypothesis is supported by three small trials
which reported between-group differences and demonstrate that higher intensity exercise can
be done early and safely. Two of the studies included high intensity exercise very early after hip
fracture.*®4° Strength, gait speed, balance, and balance confidence improved in the
experimental groups. The third trial,"” which included aerobic conditioning during in-patient
rehabilitation, demonstrated improved endurance (VO: peak), increased mobility, and improved
balance.

The other clinical trials began six months or later after hip fracture, with interventions that
included various combinations of strengthening exercise, balance training, functional training,
and AROM/flexibility. Three of these included endurance training but lacked at least one of the
other components of the program we are proposing. Results show positive outcomes in terms of
function, gait speed, balance, strength, and endurance.32%56-67 A study conducted in a gym
demonstrated improvement in self-reported outdoor mobility in the intervention group who were
four years post-fracture, but no changes in dynamic balance or walking speed.? Since hip
fracture recovery is reported to plateau at six months (which is when the interventions in these
studies began), the results of these studies are comparable to the exercise findings reported in
older adults without hip fracture, i.e., that older adults benefit from increased activity. These
studies indicate that use of higher intensity exercise with endurance training beginning six
months post-fracture reduces impairments in precursors to community ambulation.

The unanswered question is whether a higher intensity program performed as soon as usual
care is complete will return more people to community ambulation. Mangione described a
program that provided function, strength, balance, and endurance training to a single patient
three months post-fracture.®® The patient showed dramatic improvements in all physical
precursors to community ambulation. In addition, the recent pilot study of the intervention
resulted in a significant between-group difference in distance walked on the SMWT.

A limited number of studies have examined exercise programs post-hip fracture. The most

successful in terms of strength, balance, and gait speed outcomes were completed over a 6-
month time period in an exercise center.'®8" The majority of the research published is fraught
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with problems including lack of control groups, small samples, and inadequate exercise dose.
Prior research suggests that more intensive multi-component training as soon as usual care is
complete should be safe and effective.

5.3 Rationale for the Interventions
The significant mobility disability that remains post-hip fracture is remarkable and may account
for failure to return to effective community ambulation. Mangione et al. surveyed physical
therapists (PTs) nationally to describe usual home care physical therapy following in-patient
sub-acute care for hip fracture.*® The results indicated very similar care regardless of fracture
fixation, weight-bearing status, time when physical therapy started, or geographic location.
Functional training was one of the most frequently reported interventions. Most of the joint-
specific therapeutic exercises reported involved AROM, with very few therapists reporting that
they used any form of resistance (manual, elastic bands, or weights) for a specific exercise.

This research study is being done to test a 16-week, multi-part exercise intervention for hip
fracture patients that will be supervised by specially trained PTs. The exercise intervention uses
a novel machine to provide strength and endurance training in the home. This has been shown
in smaller studies to be safe and effective at increasing strength. We want to test whether
adding a protein supplement to the exercise intervention leads to more improvements in a
person’s ability to walk in their own home and in the local community. With this knowledge, we
hope to help a greater number of hip fracture patients enjoy a more complete recovery and
improved overall health.

The research is based on the premise that successful community ambulation requires certain
factors that are influenced by underlying physical or chemical processes. The key factors
include endurance, walking speed, muscle strength, balance, lower extremity function, skeletal
integrity, and fracture healing. We believe that physical activity and protein supplementation can
impact these factors to improve the ability to walk. We want to gain a better understanding of
which factors play a role by performing tests that measure physical function, strength, balance,
level of inflammation, bone turnover rate, muscle density, and body composition.

PUSH. Older adults improve functional performance when engaging in high intensity multiple
component interventions.®*"° Despite disagreement about exercise type, intensity, frequency,
duration, and mechanism, it is known that the older musculoskeletal system adapts to increased
demand.”" Several randomized trials have reported effects of exercise interventions on
improved physical function, balance, endurance, mobility and/or falls in community-dwelling
elders without hip fracture.’®68697276 Stydies reporting positive outcomes had similar content
(strength, balance, and endurance), used high exercise intensity, and the exercises were
tailored to the individual's needs rather than using a generic protocol. Task-oriented functional
activities’>’* were more effective in achieving positive outcomes than traditional regimens that
included isometric or isotonic strength training, static standing balance training, and/or cycle
ergometry %873

Principles derived from exercise physiology will be used to determine the intensity of the
endurance and muscle performance exercises. According to the overload principle, exercise
should be performed at an intensity higher than the usual load to increase the metabolic
demand and facilitate a training response.”"’”’® QOverload will be achieved by increasing
intensity (effort or load), or frequency and duration (number of repetitions, number of sets).
Manipulation of intensity, frequency, or duration alters the exercise dose - heart rate for
endurance training or the amount of muscle force produced for muscle strengthening.”” A
review and a meta-analysis emphasize the benefits of endurance training and progressive
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resistance training for improvement in functional status, health, and quality of life in older
adults.®8" Guidelines suggested by these two reviews recommend combining endurance,
dynamic balance, and high intensity strength training, which is consistent with the PUSH
intervention.

The specificity of training principle has been neglected in many hip fracture intervention
programs. Research suggests that the type of muscle contractions used during exercise should
match the type of contractions used in the desired activity to achieve the most gain.”"”” The
multi-component PUSH intervention will address endurance by requiring completion of task-
specific activities for a continuous period of time. Muscle training will be addressed using a
machine that provides progressive resistance training while the lower extremity performs whole
limb patterns similar to those used in walking. Upright balance will be challenged in combination
with muscle training. Although there is evidence that appropriate training increases endurance
and muscle performance, the mechanisms for adaptation in response to exercise in older adults
are still being clarified.#2-% Motor learning principles, theories associated with neural plasticity
and exercise physiology must all be considered in the design of an intervention focused on
increasing community ambulation.”* The older person with hip fracture is more complex
because of the significant newly acquired deconditioning, muscle atrophy, fracture healing, and
other metabolic changes.

Protein. It is hypothesized that the addition of protein will have a beneficial effect on some of
the mechanisms on the pathway to community ambulation, specifically muscle and bone.
Resistance exercise is a powerful stimulus for muscle protein synthesis.®”-%° and a weaker
stimulus for muscle protein breakdown, the net effect of which is a positive protein balance.®®
Protein intake is required to allow muscle protein synthesis in response to resistive exercise.
Supplementation with protein or essential amino acids (EAAs) has been shown to simulate post-
exercise muscle protein synthesis, and to improve net protein balance,®®°' with supplementation
immediately after exercise resulting in greater quadriceps cross-sectional area and strength
compared to supplementation two hours after exercise.?? Skeletal muscle remains catabolic
post-exercise without the presence of the branched-chain amino acid (BCAA) leucine.®
Supplementation with BCAAs also has been found to reduce muscle soreness resulting from
strenuous exercise.*** Although healthy older adults who habitually consume adequate
amounts of dietary protein (>0.8 g/kg/d) may not benefit from further protein supplementation
with resistance training,®®°” many elderly hip fracture patients are in a state of protein depletion
at the time of fracture and have low protein intake post fracture.%%°

Data supporting a positive effect of protein supplementation on bone health as measured by
BMD and markers of bone turnover come from two reviews.?1%" Two studies in elderly hip
fracture patients used a protein supplement containing 20 gm per day.'°>'% The proposed
mechanism underlying the association between protein supplementation and improvement in
bone health is mediated by increases in IGF-1 and both total and free testosterone levels, %4105
resulting in greater bone formation. This pilot study will test if the addition of a protein
supplement immediately following exercise will enhance the mechanistic effects seen with
exercise.

5.4 Primary Outcome Measure
Community ambulation is a construct that includes the ability to accommodate change in level
and terrain irregularity (necessary to enter and leave the home and for curb management),
avoid obstacles and walk a requisite distance.'® Compared to older adults who are active in
the community, persons with a mobility disability do not travel alone, take fewer trips and
perform fewer activities per trip, walk shorter distances, cross the street less often, carry fewer
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objects, and have fewer postural transitions (turning the head, extending their reach, or
changing direction).'” Although community ambulation is complex, covering a minimal distance
within a specified period of time is a critical feature.%8.10°

The SMWT is a standardized test that examines both the distance and time components of
community ambulation.'® The Cardiovascular Health Study'!" concluded that the SMWT is safe
for use in community samples to measure the impact of multiple comorbidities on endurance in
older adults.?? Harada et al "2 proposed that the SMWT is a useful integrated measure of
mobility function taking into account any limitations imposed by major body systems.'"? Lord
and Menz'"® concluded that the SMWT provides a measure of overall mobility and physical
function in addition to being a measure of cardiovascular fitness. Sixty-nine percent of the
variance in the SMWT is explained by physical functioning, lower body strength, standing
balance, and gait speed.''? Construct and predictive validity and responsiveness to change
were established for the SMWT in a sample of 108 persons with hip fracture.’* A high positive
correlation was reported between pedometer-determined physical activity and the SMWT test
suggesting that both are correlates of community ambulation."'® The SMWT also has been used
as an outcome measure to determine the effectiveness of exercise interventions for elderly
patients with and without hip fracture.?°°¢.116 |n addition to the distance walked in six minutes,
gait speed will also be derived. The primary end point for this pilot study is the total distance
walked in six minutes.

Section 6: Study Design

6.1 Overview of Study Design
A pilot study including 30 older adults who have experienced a hip fracture will be carried out
with participants receiving a specific multi-component intervention with protein supplementation
(PUSH Plus Protein). Study activities for participants meeting eligibility criteria will take place
after post-acute rehabilitation ends, up to 26 weeks after admission to the hospital for hip
fracture. Patients age 60 and older who have had surgical repair for hip fracture will be identified
in study hospitals or by self-referral and evaluated for eligibility. Following consent to participate,
eligible participants will undergo a comprehensive baseline assessment. Participants completing
the baseline assessment will be eligible to receive the intervention. All participants will receive
the PUSH Plus Protein intervention. The follow-up assessment will occur after the intervention
is completed, approximately 16 weeks after baseline testing. Figure 1 shows the sequence of
participant contacts from the time of hospitalization until the 16-week assessment.

PUSH Plus Protein Pilot Protocol version3.0 13



Figure 1. Timeline for screening and follow-up
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Within a week of complete baseline testing, the physical therapist (PT) will initiate the exercise
intervention and the protein supplement in the home setting. Participants will also receive
counseling with a registered dietician. The follow-up assessment will take place 16 weeks after
baseline testing. Telephone interviews will be conducted every four weeks, beginning four
weeks after baseline testing, to obtain information about RAEs and expected AEs, and to help
reduce loss to follow-up by maintaining ongoing rapport with participants. An honorarium will be
given at the completion of both study assessment visits.

6.2 Interventions
Over a 16-week period, participants will receive two visits per week from a study PT, on non-
consecutive days, for a total of 32 visits. These visits will take place in participants’ place of
residence. Participants will be given a whey-based protein supplement containing 27.6g of
protein to be taken daily. Participants will also receive 2,000 IU of vitamin D3, 600 mg of
calcium, and a multivitamin daily during the 16-week study period and counseling with a
registered dietician to ensure body weight stability and adequate nutrient intake inclusive of a
healthy diet.

Section 7: Selection and Enroliment of Participants

7.1 Eligibility
Participants will be evaluated for eligibility in three phases (see Figure 2), all of which must be
completed no more than 26 weeks after admission to the hospital for a hip fracture. In phase 1,
patients will be assessed for inclusion criteria and medical exclusions. Information for phase 1
will be collected from the patient’s medical chart. A HIPAA Partial Privacy Waiver (for
recruitment) or verbal consent to review the medical chart for eligibility will be obtained for
patients who are identified at study hospitals up to 26 weeks after their admission for hip
fracture; this includes patients who were admitted to the hospital for hip fracture up to five
months prior to the start of screening.
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Patients who are provisionally eligible based on medical chart review at phase 1 will be
approached or contacted by telephone to be told about the study in the hospital or after
discharge (up to 26 weeks after admission for hip fracture). Interested patients who are
approached in the hospital or rehab will be asked to provide written Permission to Contact for
additional screening. If we are unable to get written Permission to Contact while the patient is
still in the hospital, we will contact patients via telephone to determine their interest in the study
and obtain verbal Permission to Contact for additional screening. Patients who are identified
through other means of recruitment (e.g., patients who call the study office in response to
advertising or physician referral) will undergo a brief pre-screening over the telephone.
Potentially eligible patients who are interested in participating will be asked to provide written
authorization for release of medical records for review of phase 1 eligibility criteria. Those who
agree to further contact will be screened in phase 2 to assess for medical, safety, and feasibility
criteria. Informed consent must be obtained prior to any further data collection or research
procedures beyond phase 1 screening criteria.

Blood will be collected and tested for hemoglobin (<9 g/dl), serum creatinine to calculate
creatinine clearance (<15 ml/min or 15-29 ml/min), serum albumin (<2.5 g/dl), and hemoglobin
A1c level (>10%). The blood collection can occur anytime between phases 2 and 3 screening
as long as it occurs after informed consent is obtained and no more than 4 weeks prior to
baseline testing.

Phase 3 will assess final eligibility at the clinical site center at the beginning of the baseline visit.
Phase 3 must be completed no later than 26 weeks after admission to the hospital for hip
fracture. Phase 3 will include a review of all disqualifying medical conditions, assessment of
cognitive status with the Modified Mini-Mental State examination (3MS), and evaluation of ability
to walk 300 meters in six minutes. This final test will be used to exclude participants who are
unlikely to benefit from the study interventions because their gait speed is very low (<0.1 m/s)
and to exclude those who are able to walk 300 m or more in six minutes and are, therefore,
already classified as community ambulators. The study physician must review all study eligibility
documents and sign off on final eligibility for all potential participants prior to collection of
baseline data. All participants will be seen by the study physician.

Eligible individuals will receive the baseline assessment consisting of questionnaire items, DXA
and CT scans, and testing of strength, balance and functional performance.

7.1.1 Required Baseline Data

Certain components of the baseline assessment must be completed by all participants in the
pilot study in order to make useful comparisons to data from participants in CAP and CAP-MP
and to have enough power to achieve primary and secondary research aims. Participants who
perform the required components (identified in Section 10: Study Procedures) no later than 26
weeks after hospital admission for the hip fracture will be said to have complete baseline data
and thus be eligible to receive the PUSH Plus Protein intervention.
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Figure 2. Algorithm for Screening
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7.2 Inclusion Criteria (Target Population)
1. Minimal trauma, non-pathologic hip fracture with surgical repair
1.1 Closed fracture of proximal femur
1.2 Minimal trauma fracture
1.3  Surgical fixation of fracture
1.4 Non-pathologic fracture

2. Age 60 or older
2.1 Age 60 or older at time of baseline testing

3. Community ambulation
3.1 Living in the community at time of fracture
3.2 Ambulating without human assistance two months prior to fracture
3.3 Unable to walk 300 m or more in six minutes without human assistance at time of
baseline testing

7.3 Exclusion Criteria

4. Logistical impediments to participation
4.1. Does not live within reasonable distance of the clinical center
4.2. Participant plans to move out of area or otherwise be unavailable during the 16-week
intervention period
4.3. Participation in another clinical trial
4.4. Not English speaking
4.5. Baseline testing not completed by 26 weeks post admission for hip fracture
4.6. Final sign off from study physician and/or principal investigator is incomplete
4.7. Incomplete baseline data
4.8. Unable to contact participant
4.9. Participant is unable to provide her/his own informed consent
4.10. Participant refuses the study

5. Medical impediments to participation or low potential for benefit from interventions
5.1. Calculated creatinine clearance < 15 ml/min
5.2. Serum albumin < 2.5 g/dI
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5.3. End stage renal disease on dialysis (CKD stage 5 or 6)

5.4. Lower extremity amputation

5.5. Cognitive impairment (3MS score <73)

5.6. Severely diminished lower extremity sensation or ulceration

5.7. Participant walks less than four meters in 40 seconds (<0.1 m/sec)

5.8. Not community-residing (e.g., resident of a skilled nursing facility) at time of baseline
testing

5.9. Receiving PT for the hip fracture in the hospital or in an inpatient rehabilitation facility
at time of baseline testing

6. Medical contra-indications for exercise

6.1. Hemoglobin < 9 g/dI

6.2. Symptoms of angina pectoris

6.3. Recent myocardial infarction

6.4. Uncompensated congestive heart failure

6.5. Chest pain or shortness of breath (including from severe chronic obstructive
pulmonary disease)

6.6. Uncontrolled hypertension

6.7. Not fully weight-bearing on fractured leg or non-fractured leg at time of baseline
testing

6.8. Study physician thinks participant is not a good candidate for study (e.g., not likely to
survive study period)

6.9. Development of chest pain or substantial shortness of breath or ambulating with
severe pain during baseline SMWT

7. Medical contra-indications for whey protein supplement
7.1. Chronic kidney disease (CKD stage 4)
7.2. Severe liver disease (e.g., hepatitis, fatty liver disease, cirrhosis)
7.3. Hemoglobin A1c level > 10%
7.4. Known dairy allergy
7.5. Known celiac disease
7.6. Known history of severe, life-threatening peanut or shellfish allergy
7.7. Calculated creatinine clearance 15-29 ml/min

7.4 Identification of Hip Fracture Patients
Potential participants will be identified directly from study hospitals, rehabilitation centers, or
agencies that care for older adults or they may contact the study directly in response to other
recruitment methods such as study recruitment flyers, advertisements, or referral from a
clinician (orthopedic surgeon, physical therapist).

Study hospitals will be chosen based on 1) number of hip fracture patients per hospital per year
and 2) geographic proximity between hospitals and clinical site. We will review the number of
participants recruited in each hospital on a regular basis and initiate enrollment in one or more
other hospitals if recruitment numbers are lower than expected. We will obtain approval of our
study protocol from the UMB IRB and from each study hospital.

7.5 Informed Consent
Written informed consent and appropriate HIPAA authorizations and/or waivers will be obtained
in compliance with procedures reviewed and approved by the UMB IRB and study hospital IRBs
prior to any data collection. Informed consent can be obtained anytime upon completion of
phase 1 eligibility screening and prior to 26 weeks post hospital admission. Regardless of when
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informed consent is obtained, study staff will follow the Good Clinical Practice guidelines for
informed consent. A copy of the informed consent form (ICF) will always be provided (either in
person or by mail) to potential participants to allow for adequate review of the information and to
allow review with family members. Prior to obtaining informed consent, time will be given to the
potential participant to review the consent form and ask questions. If a participant has vision
impairments that prevent her/him from reading the ICF, the consent form will be read aloud to
them and the informed consent process will be withessed. The witness should also sign and
personally date the consent form attesting that the information in the consent form and any
other written information was accurately explained to, and apparently understood by, the
participant and that informed consent was freely given. Even when the participant reads the
consent form on their own, study staff will summarize all components of the ICF and remind
potential participants that participation in the study is voluntary and that s/he has the right to
withdraw at any time. It will also be explained that signing the consent form allows the study to
confirm final eligibility before receiving the intervention. The consent process will be performed
without the use of any coercive language or behavior, and with respect for the person's
autonomy.

The goal of the informed consent process is to increase potential participants’ understanding of
the study in order to better enable them to decide whether or not to enroll. Therefore, every
effort will be made to help potential participants understand the research project. During the
informed consent process, study staff will provide participants with adequate information
concerning the study procedures, respond to questions and concerns, and ensure that each
individual understands all the information provided by assessing ability to provide informed
consent.

Potential participants who choose to enroll will be assessed for their ability to provide informed
consent using the Evaluation to Sign Consent measure. Individuals who do not understand the
study purpose, methods, risks, and benefits are not able to provide their own informed consent
and will not be eligible for participation. The informed consent process will be documented by
including the following information in the research records: that the study was explained,
questions (if any) were answered, ability to provide informed consent was assessed, subject
agreed to participate and signed the consent form and HIPAA Authorization, the presence of a
witness for individuals with hearing or vision impairments, and a copy of the signed consent
form and HIPAA Authorization was given to participant and, if necessary, left in the chart of
facility. For people who provide informed consent, the original signed ICF will be submitted to
the study office and a copy of the signed ICF will be given to the participant. If the person
provided consent while in a medical facility, a copy of the ICF will go into her/his chart. The PI
and/or designee will ensure the accuracy, completeness, legibility, and timeliness of the
informed consent process conducted by the study staff before any phase 3 eligibility data are
collected.

7.5.1 Enrollment
Date of enrollment in the trial is defined as the date of informed consent.

7.6 Monitoring Recruitment and Retention
Study investigators will monitor recruitment and retention activities throughout the study. We will
review the number of patients screened relative to the number of participants recruited through
each recruitment source quarterly and initiate additional enroliment strategies if recruitment
goals are not being met.
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At the completion of baseline testing, participants will receive written instructions about the
schedule of follow-up assessments, PT intervention visits, dietician contact, and four-week
telephone interviews. To maintain rapport, the same staff member will, whenever possible,
contact and visit the participant throughout the study. Minimizing waiting time, providing free
transportation for the baseline and follow-up assessment, and providing comfortable waiting
room facilities make the visits more pleasant, thereby enhancing participant retention at follow-
up. If participants are unable to come to the clinical site for the follow-up assessment, a visit at
another location (home or another facility) will be scheduled. Telephone interviews will be
scheduled if in-person visits cannot be completed.

Some participants may not actively participate in the study, either by declining the intervention
visits and/or by not participating in telephone calls or the follow-up assessment. These
participants will be followed until the end of the study unless they explicitly request not to be
contacted. Study staff will make contact every four weeks in order to remind the participant that
he or she is welcome to rejoin the study at any time. Also, considerable effort will be expended
to collect data on the primary outcome at the follow-up assessment.

Section 8: Study Interventions

8.1 Overview
Participants will receive two physical therapy visits a week, on non-consecutive days, for a total
of 32 visits and be given a whey-based protein supplement containing 27.6g of protein daily for
16 weeks. Each visit will last approximately 60 minutes. Participants will also receive 2,000 IU of
vitamin D3, 600 mg of calcium, and a multivitamin daily during the 16-week study period and
counseling with a registered dietician to ensure body weight stability and adequate nutrient
intake inclusive of a healthy diet. Missed visits can be replaced during subsequent weeks if
there is at least one day in between visits and no more than three visits in the week. Visits will
take place in the participant’s place of residence.

8.2 Nutritional Support
Given the importance of ensuring adequate nutrition to those who receive the intervention, we
will provide all participants with 2000 IU of vitamin D3, 600 mg of calcium, and a multivitamin
daily for the duration of the 16-week study and nutritional counseling to ensure weight stability,
adequate nutrient intake of 1 g protein/kg body weight inclusive of a healthy diet (50%
carbohydrate, 20% protein, 30% fat). Participants will be screened at the time of baseline
testing to assess nutritional risk using the Mini Nutritional Assessment-Short Form (MNA®-
SF).""” Those who score <7 (malnourished) at baseline and participants with serum albumin 2.5-
3.5 g/dl (regardless of the score on MNA®-SF) will receive a visit from a registered dietician
(RD) in their place of residence within seven days of baseline testing. The RD will evaluate and
counsel them on making dietary modifications based on their protein, caloric and other dietary
deficiencies using a standardized approach across the three study sites.'®12° The RD will follow
up with participants by telephone one week after the visit to assess understanding and
implementation of recommendations. Participants who score 8-11 (at risk of malnutrition) at
baseline and have serum albumin level >3.5 g/dl will receive a telephone dietary consultation
with the RD within seven days of baseline testing. Based on the participant's eating habits and
food intake, the RD may make the clinical determination that an in-person consultation is
warranted. In these cases, the RD will schedule an in-person dietary consultation, following the
same protocol as those who score in the malnourished range. Those with a score 212 on the
MNA®-SF and who have serum albumin level >3.5 g/dl at baseline will receive brief telephone
contact within seven days of baseline testing from the RD to discuss the importance of calorie
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and protein intake. Weight will be monitored during home PT visits every four weeks and those
who lose 2% or more body weight in a four-week period will receive another telephone
consultation by the study RD. This protocol applies to anyone who loses 2% or more of body
weight, regardless of whether the participant is trying to lose weight. Vitamin D, calcium, and
multivitamin adherence will be reviewed by the PT every four weeks (by pill counts) and
assessed by self-report every four weeks by telephone interview.

8.3 PUSH Intervention
This intervention is based on improving specific precursors to community ambulation by
addressing endurance with continuous upright exercise for 20 minutes in duration; function such
as walking, standing from a chair, and stair negotiation; muscle performance by exercising to
enhance lower extremity strength and power in functionally relevant muscles moving through
locomotion-appropriate movements and ranges; and balance by performing unilateral activities
and activities with decreased base of support. These components of exercise will be woven
together into one program that minimizes participant burden. By the end of the first eight weeks
participants will be instructed to complete the endurance component independently one to two
times/week by walking for a similar duration and intensity as they have been doing with the PT
during the supervised visits.

The strength components of the muscle performance intervention will be performed using a
portable progressive resistive exercise device (Shuttle® MiniPress, Contemporary Design
Company, P.O. Box 5089, Glacier, WA 98244). The device has six latex bands each with a
starting load equal to approximately seven pounds. At full excursion one band can provide
approximately 15 pounds of force. These bands provide the resistance and are attached to the
machine by a slotted bar on the frame. Inserting more bands into the slotted bar increases the
resistive load for the participant. A progress monitor strip is located on the top of the machine
frame. Strips indicate resistance by showing distance that the load is moved. The resistance
numbers indicate the force for one band as the carriage is moved. When more than one band is
used, the values will be added.'?'

Muscle performance will focus on bilateral hip extensors, hip abductors, knee extensors, and
plantar flexors because of their role in function, specifically gait and transfer activities.'??'?* Hip
and knee extensor muscle will be trained to work hard and fast during the leg press motion
since this mimics the functional activity of rising from a chair or going up a step. Hip abductors
will be trained in 5° of adduction and to 10-15° of abduction. Fifteen degrees of movement was
chosen because it approximates the 8° of motion associated with gait and takes into account
variations in hip positions while standing.’?® Hip extension will also be trained in standing from
35° of flexion to extension to a neutral position. This ROM approximates the time in the gait
cycle when the gluteus maximus shows the highest muscle activity, i.e., from heel contact
through 20% of stride.'?® Plantar flexors will be strengthened in standing against body weight®®
because of their role in the push-off phase of gait and the strong association of plantar flexion
power and walking speed.%®122126. The intensity of strength training will be determined during
Day 1 of intervention at the participant’s residence. The PT will determine the amount of
resistance the participant can push against so that s/he can complete a maximum of eight
repetitions (eight repetitions maximum (RM) or 8-RM). 8-RM was chosen because it is strongly
related to the 1-RM'?” and determining the 8-RM will allow the PT to know the training intensity
without further sub-calculations (e.g. 80% of the 1-RM). Studies have shown that the 8-RM is
more effective than training at 10-RM or 2-RM° yet is not so aggressive that it is associated
with injuries.'?12° This protocol has been used safely and effectively in elders'264:6568124.130 gng
specifically in persons post-hip fracture.?°¢3 For the first visit, participants will be tested to find
the load associated with an intensity of 8-RM. During the second session, participants will
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Figure 3. Shuttle Device (arrows indicate direction of lower extremity motion)

perform 2 sets of
8 repetitions at
the 8-RM
intensity. From
the third session
through the
remainder of the
program,
participants will perform 3 sets of 8 repetitions at an intensity of the 8-RM. The PT will provide
strong verbal encouragement during each repetition for the participant to move as “fast and as
hard as possible” during the concentric phase and to move slowly and in a controlled way in the
eccentric phase. Intensity will be reviewed every two weeks.

The participants will be supine for two exercises: the combination of hip and knee extension
exercise (leg press) and the hip abduction exercise (Figure 3a & 3b). The device will be placed
on the bed or floor (if the participant is able to be assisted safely to and from the floor) so that
the participant’s foot will rest on the footplate and the hip will be flexed to 90°. The participant
will push the leg out into full hip and knee extension against the pre-determined resistance. For
the hip abductors, the participant will start in 5° of adduction and move 15° into abduction. The
participant’s foot will be strapped to the footplate as the participant moves the leg outward.

Balance and strength will be addressed with two additional exercises performed in standing.
Balance will be addressed by asking the participant to perform one-legged activities or to stand
upright with a decreased base of support. The first exercise that combines balance training and
strength training will be standing hip extension (Figure 3c). The leg will be flexed approximately
35° of flexion and the participant will extend to neutral position. Upright balance will be
challenged as the participant moves the carriage of the exercise device with one leg as the
other leg maintains stability.

The second exercise that combines balance and strength training will be standing plantar
flexion. Initially, participants will be asked to decrease their standing base of support by rising
onto the balls of feet. This exercise also strengthens the plantar flexors. Balance and strength
will be progressively challenged by advancing the activity to unilateral heel raises. For hip
extension and plantar flexion, the person may hold lightly onto an assistive device for balance or
support. The PT will encourage the participant to use less external support for balance during
each session. Resistance (load in pounds) and repetitions for each exercise performed will be
recorded in a training log.?°

HR will be measured by palpation of the radial artery recorded every five minutes and it will be
averaged over 20 minutes of continuous exercise. The PT will calculate the HR training zone
based on the heart rate reserve (HRR) method (HR max-HR rest) multiplied by 50% and then
added to HR rest. HR max will be calculated as 220 minus the participant’s age. This
prescription is consistent with moderate intensity exercise and has been shown to increase
aerobic capacity in elders.'®"133 If the person is taking medication that controls heart rate (e.g.,
beta-blockers), Borg's Rating of Perceived Exertion (RPE) scale will be used.’* The training
intensity using the RPE scale will be “moderate” work as consistent with a 3-5 on the 0-10 scale.

The endurance intervention will begin initially with two to three minutes of continuous upper and
lower extremity AROM with the participant sitting. These exercises are intended to increase the
participants’ HR or exertion closer to the target zone. The participant will then be asked to walk
on level surfaces and up and down one or more steps, if able and available, to keep the HR
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within the training zone for 20 minutes. The PT can also engage the participant in additional
exercises such as upper and lower extremity AROM exercises to keep the HR elevated. The
target HR will be 30% of HRR in the first week of the program, 40% of HRR in the second week,
and 50% of HRR in weeks 3 through 16.

8.4 Protein Supplement
Participants will receive a whey-based protein supplement containing 27.6g of protein. This
dose induces maximum muscle protein synthesis post-exercise.[130] Participants will mix the
supplement in 8 oz of water (or other beverage) or soft food (e.g., yogurt, soup) and consume
immediately following each exercise session with the study PT. On days when they do not have
a physical therapy visit with the study PT, participants will be instructed to take the supplement
at the meal time closest to the time of scheduled PT visits to maintain regular daily dosing
schedule.

8.5 Treatment Fidelity Plan
Treatment fidelity'®>1%¢ will be evaluated with regard to: (1) design, which focuses on whether
the intervention (PUSH plus protein) is consistent with underlying theories, and whether the
study is free of contamination such as unintended motivational interventions; (2) training, which
addresses skill acquisition and maintenance in PTs; (3) delivery, or the assessment that the
intervention was implemented as intended; (4) receipt, which focuses on whether or not the
participant understood and received the intervention as intended. Overall, treatment fidelity
data will provide information on the adherence of the PTs to the intervention, and the adherence
of the participants to the prescribed activities. Monitoring treatment fidelity also will provide an
opportunity to address potential study problems, such as drift from the intervention protocol
which could threaten the study’s ability to detect treatment effects.

8.5.1 Initial Training for Procedural Reliability
The Intervention Monitor (IM) will train PTs in PUSH intervention procedures. Knowledge of
procedures will be tested by written examination and by psychomotor skills observation via
video. The IM will document that PTs are “certified” and provide a certificate of completion after
they demonstrate competence on the written exam and video observation. PTs also need to
bring evidence to the training session that they are currently CPR certified. As new PTs join the
study, training will be conducted on an individualized basis following the same procedures.

8.5.2 Ensuring Ongoing Competency
We will use a multi-faceted approach to ensure ongoing treatment fidelity. The approaches
include direct observation of skills by the IM, mandatory monthly telephone calls with all active
PTs, periodic review of PT log books, and access to online discussion boards.

Direct Observation: Direct observations of PTs as they perform the intervention will be
conducted by the IM. The IM will document observations using a structured checklist that
addresses data completeness, physical performance, qualitative observations, and verbal
and non-verbal communication. The checklist will also document whether the participant
completed the necessary repetitions at the appropriate intensity and whether the participant
completed 20 minutes of aerobic exercise at the proper intensity. There will be two
observation visits during the PT’s first assigned participant’s 16-week intervention period
and then one observation per quarter for PTs who have conducted a complete 16-week
intervention period for at least one participant. If the total score on the checklist is less than
90%, the PI will be notified. A remediation plan will be proposed that will offer refresher
training to ensure accurate understanding of the protocol, follow-up observation visits, and
possible dismissal if warranted.
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Mandatory Conference Calls with PTs: The IM will conduct monthly telephone calls with the
PTs who are currently active with participants and take minutes of the telephone meetings to
document ongoing training. During these calls, the IM will ask questions to identify problems
with delivering the intervention. If problems are identified, the IM will schedule an individual
telephone call and review of PT log books. Additional follow-up will be mandated if there are
modifications to the exercise prescription that are due to PT factors. A remediation plan will
be followed if there is ongoing lack of progress.

Periodic Review of Intervention Logs: The IM will review PT intervention logs on a regular
basis to confirm that PTs are completing logs correctly and identify whether there are
modifications to the intervention protocols. This information will be discussed during the
monthly phone calls.

8.6 Scheduling Intervention Visits

There are three requirements for scheduling of intervention visits:

1. The first intervention visit should occur on Day 7 or earlier, where the last day of baseline
testing = Day 0.

2. The schedule of intervention visits is anchored to the date on which baseline testing is
completed regardless of when the intervention starts.

3. Intervention visits should never occur on two consecutive days, even when moving from one
week to the next.

Participants who provide required baseline data are eligible to receive the intervention; however,
the intervention will not begin until after the date all baseline measures are completed. Baseline
data collection must be completed within 14 days of the SMWT. Week 1 will begin on the day of
the first intervention visit or on Day 7 after baseline testing is complete, whichever is earlier.
Subsequent weeks will start on the same day of the week as Week 1. For example, if the
participant’s first intervention visit is on a Wednesday, each intervention week for that participant
will extend from Wednesday to Tuesday (inclusively). Alternatively, if the first visit has not yet
occurred by Day 7 and Day 7 is a Monday, then the participant’s intervention weeks will extend
from Monday to Sunday (inclusively).

In certain circumstances (e.g., iliness, travel), the first intervention visit may be scheduled after
Day 7.

Ideally participants will receive 2 visits per week for 16 weeks after complete baseline testing
(32 visits total). However, missed visits in a given week can be replaced by makeup visits in
subsequent weeks (not to exceed 3 visits in any given week) as long as the visits are on non-
consecutive days. If the participant has not had 32 visits by the end of 16 weeks, makeup visits
can be performed during the subsequent two weeks to get as close as possible to the target of
32 visits.

Section 9: Study Measures

A list of study measures is provided below. All of the measures will be interview-based or based
on observations of performance or physiological assessments. No proxy data will be allowed at
baseline. However, at the 16-week follow-up visit, a proxy may be contacted to provide
information about the participant’s walking ability. Also, the four-week phone calls to obtain
information on recent health events will be conducted with a proxy when the participant is not
available
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9.1 Screening Evaluations
There will be three primary components to the screening process: the chart review in the acute
care setting (phase 1), the phase 2 screen, and screening for final eligibility (phase 3) that
includes the 3MS and the SMWT. These components will be typically administered over three
contacts. Those who qualify after phases 1 and 2 will be invited for the first study visit for phase
3 screening.

9.1.1 Modified Mini-Mental State Examination (3MS)
The 3MS is a test of global cognitive function which assesses a broad variety of cognitive
dimensions and is an expanded 100 point version of the original Folstein Mini-Mental State
Exam.'37.138 The 3MS will be used at the baseline visit to identify and exclude participants with
cognitive impairment (3MS score <73)."%

9.2 Primary Outcome Measure: Community Ambulation
The Six-Minute Walk Test (SMWT) will be used to obtain a continuous measure of total distance
walked in six minutes. The SMWT is highly correlated with workloads, heart rate, oxygen
saturation, and dyspnea responses when compared to bicycle ergometry and treadmill exercise
tests in older persons. It has been performed by elderly, frail and severely compromised
participants who cannot perform standard maximal treadmill or cycle ergometry exercise tests.
Performance of the SMWT at the baseline assessment also will be used to define final eligibility
prior to the collection of additional baseline data. Participants who walk less than four meters in
40 seconds (<0.1 m/sec) or who walk 300 meters or more in six minutes will be excluded from
the trial. Participants with angina, extreme shortness of breath, or ambulating with severe pain
during the SMWT also will be excluded.

Participants will be asked to walk back and forth on a measured path marked clearly at both
ends for turning purposes, while being told when each minute has passed, and receiving verbal
encouragement (“you’re doing well” or “keep up the good work”) every 60 seconds. Test-retest
reliability in older adults is excellent (r = .95)."? Concurrent validity with VO, peak (r=.64) and
cycle ergometry (r=.58) have been reported. 0140141

9.3 Secondary Outcome Measures

9.3.1 Cognitive Function (3MS)
The Mini Mental Status Exam (MMSE) is one of the most widely used screening instruments for
dementia. The Modified Mini-Mental State (3MS) test was developed to overcome shortcomings
of the MMSE, specifically its narrow range of possible scores and ceiling effects. The 3MS
incorporates four additional items (on long-term memory, abstract thinking, category fluency,
delayed recall), more uniform administration, and refined scoring, in order to sample a broader
variety of cognitive functions, cover a wider range of difficulty levels, and enhance the reliability
and validity of the test scores. The 3MS test has a score range of 1-100. It can provide an
estimated score of the MMSE, and can also be used to monitor cognitive change over time.

9.3.2 Short Physical Performance Battery (SPPB)
The SPPB evaluates lower extremity performance in older persons based on timed short
distance walk, repeated chair stands, and a set of balance tests.'?'44 Each of the tasks is
assigned a score ranging from 0 to 4, with 4 indicating the highest level of performance and 0
an inability to complete the test. The test takes about 10-15 minutes to administer and was
designed to be administered by a lay interviewer in a setting with limited space. The battery has
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an excellent safety record. It has been administered to well over 10,000 persons in various
studies and no serious injuries are known to have occurred. The SPPB components and total
score are derived from normative values obtained from a population-based study.'?'44 The
total score ranges from 0 to 12; there are three subscales embedded in the SPPB.

Standing balance. For the test of standing balance, participants are asked to maintain
balance in three positions, characterized by a progressive narrowing of the base support:
with feet together (side-by-side position), the heel of one foot beside the big toe of the other
foot (semi-tandem position), and the heel of one foot in front of and touching the toes of the
other foot (tandem position). For each of the three positions, participants are timed to a
maximum of 10 seconds.

We will use an enhanced balance measure that includes the balance subscale of the Short
Physical Performance Battery (SPPB) and two additional single leg stands (eyes open and
eyes closed), as used in the National Health and Aging Trends Study (NHATS).'®® For the
test of standing balance, participants are asked to maintain balance in three positions,
characterized by a progressive narrowing of the base support: with feet together (side-by-
side position), the heel of one foot beside the big toe of the other foot (semi-tandem
position), and the heel of one foot in front of and touching the toes of the other foot (tandem
position). For each of the three positions, participants are timed to a maximum of 10
seconds. Participants are then asked to stand on one leg (on the side of the fracture) with
eyes open and again with eyes closed. Each of the single leg stands are held for up to 30
seconds. The number of seconds is then summed across the 5 items to obtain the measure
of balance. These tests are hierarchical such that when a participant fails an item, the
harder ones are not administered and receive a score of 0.

Walking speed. Walking speed is assessed by asking participants to walk at their usual
pace over a 4 m course. Participants are instructed to stand with both feet touching the
starting line and to start walking after a specific verbal command. Participants are allowed to
use walking aids (cane, walker, or other walking aid) if necessary, but not the assistance of
another person. Timing begins as soon as the participant starts to walk and the time in
seconds needed to complete the entire distance is recorded. The faster of two walks is used
to compute walking speed.

Chair stands. The repeated chair stands test is performed using a straight-backed chair,
which is placed with its back against a wall. Participants are first asked to stand once from a
sitting position with their arms folded across their chest. If they are able to perform the task,
they are then asked to stand up and sit down five times, as quickly as possible. The time to
complete the task is recorded.

9.3.3 Activities of Daily Living (ADLs)
We will measure ADLs using the Pepper Assessment Tool for Disability (PAT-D)'4%"4¢ with two
modifications. First, two items (walking a quarter mile and walking across a small room) were
added to address perceived gaps in the original PAT-D scale. This modification is consistent
with the version used in the Lifestyle Interventions and Independence for Elders study.'’
Second, two items (walking several blocks and lifting heavy objects) were deleted to avoid
duplication with other items in the scale. The resulting 19-item scale allows examination of three
subscales (basic ADL, functional limitations, and instrumental ADL).
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9.3.4 Quality of Life (SF-36)
We will use an interviewer-administered version of the SF-36, a health survey that assesses
quality of life in eight subscales (physical function, social function, role-physical, role-emotional,
bodily pain, mental health, general health, and vitality).'*® The measure has been validated as a
generic measure of quality of life in many different populations, including patient and non-patient
Samples.148 61,149,150

9.3.5 Nutritional Status
Nutritional status will be assessed using the Mini Nutritional Assessment-Short Form (MNA®-
SF),"7.1%1 g validated and widely used malnutrition screening tool.’s-%* We are using a modified
version of the MNA®, approved by the scale’s developer (the Nestlé company), to facilitate use
as an interviewer-administered tool in a research setting. Scores range from 0 to 14;
participants scoring <7 will be considered malnourished; those scoring 8-11 will be considered
to be at risk of malnutrition; and those scoring 12-14 will be considered to have normal
nutritional status.”1%1

9.3.6 Muscle and Fat Mass
Lean mass will be estimated using dual-energy x-ray absorptiometry (DXA) (GE LUNAR,
Madison, WI). DXA calculates fat and lean tissue mass from the total body scan. The coefficient
of variation of these measurements in our previous studies for fat and lean mass was 1.4% and
1.3%, respectively.

9.3.7 Muscle Composition: Intramuscular fat and muscle volume
Thigh CT will be performed every 4 cm starting at the patella and ending at the femoral head
(Siemens Somatom Sensation 64 Scanner) to quantify skeletal muscle area, total fat area, low
density lean tissue area, and muscle attenuation of the thigh. Scans will be analyzed using
MIPAV (Medical Image Processing, Analysis and Visualization, v.7.0, NIH). The cross-sectional
area of each axial slice will be multiplied by the distance between slices (4 cm) and summed
across slices representing volume expressed in cm3. The average attenuation of muscle tissue
and the percentage of low-density lean muscle to total muscle volume is associated with
skeletal muscle lipid content, and a measure of muscle quality.

9.3.8 Strength
A Biodex System 3 PRO dynamometer will measure concentric isokinetic peak normalized joint
torque over the entire range of motion (strength) for bilateral ankle plantarflexion-dorsiflexion
and knee flexion-extension. Strength is measured in Newton-meters (Nm). Testing will utilize
standardized positioning and joint motion excursions. Subjects will perform two blocks of three
repetitions with a rest period between blocks.

9.3.9 Power
A Biodex System 3 PRO dynamometer will measure strength per unit of time (power) for
bilateral ankle plantarflexion-dorsiflexion and knee flexion-extension. Power is measured in
Watts (W). Testing will utilize standardized positioning and joint motion excursions. Subjects will
perform two blocks of three repetitions with a rest period between blocks.

9.3.10 Bone Mineral Density

BMD will be estimated using DXA as described above. DXA of the contralateral (non-fractured)
femur will be measured to yield measures of total hip and femoral neck BMD.
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9.3.11 Gait and Balance (GAITrite)
A GAlTrite instrumented walkway system will measure spatial and temporal gait parameters.
Subjects will walk at their safest fast and natural speeds. In addition, the Dynamic Gait Index, a
clinical assessment of balance and mobility while walking, will be administered. Measures will
include: step length, walking speed, single and double leg support time, and cadence.

9.3.12 Bone Turnover Markers
Bone turnover markers. a) bone formation (serum aminoterminal propeptide of type 1
procollagen; P1NP) and b) bone resorption (serum cross-linked C-telopeptides of type |
collagen; CTx-l) will be assessed.

9.3.13 Hormones
Parathyroid hormone, intact (iPTH) will be measured by ELISA.

9.3.14 Inflammatory Cytokines
a) interleukin-6 (IL-6), b) soluble TNF- a receptor 1 (sSTNF- aR1), ¢) IL-1 receptor antagonist (IL-
1ra), and d) interleukin-10 (IL-10). All cytokines will be measured in serum by ELISA (R&D
Systems Inc., Minneapolis, MN).

9.3.15 Cognitive Function (Trail Making Test (Trails A and B))
The Trail Making Test is a neuropsychological test of visual attention and task switching. It
consists of two parts in which the subject is instructed to connect a set of 25 dots as quickly as
possible while still maintaining accuracy. The test can provide information about visual search
speed, scanning, speed of processing, mental flexibility, as well as executive functioning. It is
sensitive to detecting cognitive impairment associated with dementia.

9.3.16 Waist Circumference
Waist circumference (cm) reflects adipose tissue distribution and is believed to be influenced by
glucocorticoid activity. Waist measurement will be taken by measuring tape of the waist
circumference (narrowest section between the ribs and iliac crest). Waist circumference will be
measured in centimeters.

9.4 Improvement in Walking
Whether or not there was an increase of at least 50 meters in the distance walked on the SMWT
will be assessed as a tertiary outcome. This distance has been shown to be clinically
meaningful.!4%160

9.5 Clinical and Background Characteristics
Information on a small number of other patient characteristics will be collected to allow
description of the study population, to allow analyses of differential effects in subgroups (i.e.,
effect modification), and to help in the interpretation of results.

9.5.1 Demographic and Surgical Characteristics
For descriptive purposes, information on the following participant characteristics will be collected
either during screening or at the baseline assessment: age, gender, race, living situation, marital
status, educational level, fracture type, and surgery type.

9.5.2 Functional Comorbidity Index

The Functional Comorbidity Index (FCI) is a clinically based measure developed by Groll et al.
This index includes a checklist of 18 comorbid conditions scored 1 or 0. A maximum score of 18
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indicates the highest number of comorbid ilinesses. The FCI was specifically developed to
predict physical functioning.®

9.5.3 Weight, Height, and BMI
Height (in feet and inches) will be measured once at the baseline visit using a standard
stadiometer. Weight (in pounds) will be measured using a digital scale at baseline and follow-up
visit. Measured height and weight will be used to calculate BMI.

9.6 Other Measures to be Monitored

9.6.1 Adherence
Adherence with PUSH intervention. PTs will submit a visit form for each of the 32 visits that
records date of visit; start and end time of the visit; reason for missed visit; what activities were
performed; and whether activities were performed as prescribed. We will also obtain information
about the intensity of each activity at initiation of the intervention and every four weeks during
the intervention period. Logs completed by PTs will record the detail of each designated activity
during intervention sessions as well as any precautions or modifications to activities. Reasons
for protocol variations will be noted in the PT log books.

Adherence with protein supplement. We will monitor adherence to the protein supplement by
weighing the container(s) of protein powder every 4 weeks during the 16-week intervention
period and by self-report during the 4-week telephone calls.

Adherence with study vitamins/supplements. Vitamin D, calcium, and multivitamin adherence
will be monitored by pill counts every four weeks during the intervention period and by self-
report during the 4-week telephone calls for the entire16-week study period.

9.6.2 Weight Loss
Weight will be monitored by the PTs every four weeks during the 16-week intervention period
using a standard digital scale.

9.6.3 Reportable Adverse Events (RAEs)
Reportable adverse events (RAEs), which include serious adverse events (SAEs), unexpected
AEs or injury that occurs under supervision by study staff, will also be obtained during the study.
Participants will be screened for possible RAEs every four weeks during the telephone
interviews using standardized questions. Participants (or their proxies) will be asked about life-
threatening or significant medical events and the outcomes of these events. RAEs will also be
asked about by study staff prior to each PT visit and clinical site follow-up assessment. RAEs
may be spontaneously reported to any study staff member throughout the study (see section
12.4.1).

9.6.4 Expected Adverse Events (AEs)
Expected AEs will be assessed every four weeks during the telephone interview. Participants
(or their proxies) will be asked a series of standardized questions related to pain (feet, hip, back,
knees, digestive and stomach); breathing problems or chest pain; bloating or puffiness in legs,
ankles, or feet; drowsiness, dizziness, or confusion; shakiness, anxiety, clammy skin, or
irritability; and falls (with and without injury).
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Section 10: Study Procedures

10.1 Baseline Assessments

The baseline assessments will be performed immediately following screening for phase 3
criteria.

Certain components of the baseline assessment are required by all participants in the pilot study
in order to make useful comparisons to data from participants in CAP and CAP-MP and to have

enough power to achieve primary and secondary research aims. Other assessments at the

baseline visit will allow comparisons for other outcome measures. Participants who perform the

required components (marked with a pound sign (#) in the list below) will be eligible to receive
the PUSH Plus Protein intervention. All baseline data collection must be completed within 14

days of the SMWT.

The items with an asterisk (*) are collected as part of phase 3 screening:

Baseline Anthropometry #

Demographics and Blood Draw Information # *
Modified Mini-Mental State Examination # *
Six-Minute Walk Test # *

Baseline Interview #

Short Physical Performance Battery #

SF-36 Health Survey #

Pepper Assessment Tool for Disability #

Mini Nutritional Assessment-Short Form #
Trail Making Test (Trails A and B)

Blood draw (for serologic and genetic tests)
Reportable Adverse Events

CT scan of thigh #

DXA scan of whole body #

DXA scan of hip

GAITrite

Four-Square Step Test

Biodex strength testing (knee flexion/extension)

10.2 Follow-up Assessment

The following measures will be obtained at 16 weeks after baseline testing.

Reportable Adverse Events

Six-Minute Walk Test

Modified Mini-Mental State Examination
Short Physical Performance Battery
SF-36 Health Survey

Weight and waist circumference
Pepper Assessment Tool for Disability
Mini Nutritional Assessment-Short Form
Trail Making Test (Trails A and B)
Blood draw (for serologic and genetic tests)
CT scan of thigh

DXA scans of hip and whole body
GAITrite
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= Four-Square Step Test
= Biodex strength testing (knee flexion/extension)

10.3 Telephone Interviews
Structured telephone interviews will be conducted every four weeks for 16 weeks starting four
weeks after the last date of baseline testing. The following measures will be administered:
o Reportable Adverse Events (RAE) Form
o Expected Adverse Events (AE) Form
o Self-reported adherence to protein and supplements

10.4 Timing of Study Procedures
The target date for completion of the pre-baseline testing (i.e., screening) assessments will be
anchored to the date of admission to the hospital for hip fracture. The target date for completion
of all other assessments will be anchored to the date on which all baseline testing is completed
(see Table 1).

Note: In cases where the participant performs all required baseline measures and then performs
additional baseline measures, the date on which baseline testing is completed is defined as the
date on which the participant performed the last assessment within the allowable window for
baseline testing (up to 26 week post hospital admission). In cases where additional baseline
measures have been scheduled but cannot be completed within the allowable window for
baseline testing, (e.g., scheduling conflict, not safe), the date on which baseline testing
completed is defined as the date on which staff establishes definitively that no additional
baseline measures can or will be attempted.

Table 1. Timing of Study Procedures

PROCEDURE TARGET DATE ALLOWABLE INTERVAL

Phase 3 screening As early as possible following Up to 26 weeks post-
admission admission

Baseline assessment As early as possible following Up to 26 weeks post-
admission admission

Dietitian consult 1 week after baseline testing is +1 week
completed

First intervention visit 1 week after baseline testing is +16 weeks
completed

First telephone interview 4 weeks after baseline testing is -1 week, +3 weeks
completed

Subsequent telephone interviews | At 4-week intervals from date on -1 week, +3 weeks
which baseline testing is
completed

First follow-up assessment 16 weeks after baseline testing is +2 weeks
completed

Out-of-window assessment 16 weeks after baseline testing is 0-16 weeks and 18-38
completed weeks after baseline

testing is completed

At baseline, all participants will, by design, be tested at the clinical site. At the follow-up visit, we
will attempt to test all participants at the clinical site. When this is not possible, we will attempt to
have study staff administer the test in a non-study clinical facility or, failing that, at another non-

study location or the participant’s home.
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Section 11: Safety Assessments

11.1 Participant Safety Parameters: Methods and Timing

11.1.1 Pre-Intervention Safety Screening
Potential participants will be excluded during the screening phases if they have cardiovascular
diseases or other conditions that would make it unsafe for them to participate in one or both of
the study interventions. Information about these conditions will be obtained through chart
review, interviews, and consultation with a medical professional familiar with the potential
participant (e.g., primary care provider, orthopaedic surgeon). The study physician and PI will be
responsible for giving permission for potential participants to receive the intervention, based on
thorough review of all eligibility information. In addition, persons who develop chest pain or
substantial shortness of breath during the SMWT will be excluded using a protocol to evaluate
cardiovascular reserve similar to the one suggested by Gill et al."®?

11.1.2 Safety Considerations for Study Assessments
All study assessments will be done by certified staff who will be trained to perform the tests
safely. If, during the SMWT or the SPPB a participant reports chest pain, tightness or pressure,
significant shortness of breath or difficulty breathing, or feeling faint, lightheaded, or dizzy, the
test will be stopped. If the participant weighs more than 400 pounds or if s/he is unable to lie
supine, the whole body and hip DXA scans will not be done. Participants with prior hardware in
the non-fractured hip will not have a hip DXA scan. If a participant is unable to lie supine or be
left alone in a room, the thigh CT scan will not be done. Participants unable to put full weight on
the fractured side or unable to stand for 30 seconds without an assistive device will not perform
the GAlTrite or Biodex measures. All research staff who come in contact with study participants
will be CPR certified and will be trained to provide immediate care when faced with medical
emergencies. Also, institutional and community emergency medical services will be activated if
needed.

Table 2 describes a summary of safety alerts and the appropriate action during clinical
assessments.

Table 2. Safety Alerts and Actions for Study Assessments

ALERT ACTION

Resting blood pressure Qualified staff will inform the participant if
SBP > 145mm Hg or noted on more than one occasion.

DBP > 90mm Hg

Resting blood pressure
SBP > 170mm Hg or SBP < 90mm Hg or
DBP > 100mm Hg or DBP < 50mm Hg

Qualified staff will encourage the participant
to seek additional follow-up and/or medical
evaluation. Physical performance testing
will be deferred until consultation with the
study physician.

Resting blood pressure or after SMWT
SBP > 185mm Hg or SBP < 90mm Hg or
DBP > 110mm Hg or DBP < 50mm Hg

Qualified staff will consult with the study
physician and follow up as needed.

Resting pulse
Rate > 120 or < 40 beats/min

Qualified staff will consult with the study
physician and follow up as needed.
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Table 2. Safety Alerts and Actions for Study Assessments

Chest pain, dizziness, significant shortness
of breath, or severe musculoskeletal pain
during the intervention or study
assessment.

Qualified staff will consult with the study
physician and follow up as needed.

MNA®-SF
Score < 7 at the follow-up assessment

Qualified staff will talk to the participant and
provide a referral for additional follow-up
and/or medical evaluation for possible
malnutrition.

Weight loss = 2% body weight in four
weeks during intervention period

Participant will be referred to the registered
dietician for follow-up by telephone.

Participant expresses desire to commit
suicide

Call primary care provider and report
findings. Report to study coordinator/study

physician for follow-up and clearance.

11.1.3 Safety Considerations for the PUSH Intervention
There is no expectation that the PUSH intervention will evoke serious cardiovascular responses;
however, participants will be warned of a possible risk. Cardiac events are rare, with estimates
of one event per 60,000 participant-hours in aerobic exercise programs.'®® No significant
cardiac events were reported after performing 1-RM testing for over 6600 healthy subjects.'®*
The American Heart Association’s guidelines for resistance training for adults with and without
cardiovascular disease reports the safety of high intensity resistance training and testing in
persons with coronary disease which found an absence of anginal symptoms, ischemic ST-
segment depression, abnormal hemodynamics, complex ventricular dysrhythmias, and
cardiovascular complications. %566 |_ess serious risks may include chest pain, fainting,
hypotension, or muscle strain. We have minimized risk to participants by following the
guidelines suggested by Gill et al."®? Blood pressure and heart rate will be monitored using a
standard blood pressure cuff and palpation of peripheral pulse.

Another concern is the presence of osteoporosis and the risk of inducing a compression fracture
or a lower extremity fracture. The exercises have been designed to minimize this risk. The risk
of inducing a compression fracture will be minimized because the exercises are performed in
supine and upright standing positions with minimal to no trunk flexion.'®” The PT will also remind
the participant to minimize flexion to the spine during all standing exercises. Using an exercise
device that eliminates the risk of weights falling on a person, and using only voluntary muscle
contractions during isometric testing, will reduce the risk of lower extremity fracture. We do not
anticipate additional risk for the PUSH intervention for the following reasons: 1) by 12 weeks
post-fracture, there is moderate stability from the bone callus formation, 2) participants will only
be included if they have medical clearance to participate in full weight bearing activities, and 3)
the device limit is 100 pounds (which in most cases is less than body weight) resulting in less
load than walking up and down stairs. Delayed onset muscle soreness is a common occurrence
after the initiation of an exercise program. The soreness occurs in the muscle belly 1-3 days
after the initiation of exercise and lasts 2-3 days. There is no effective way to eliminate the risk
of delayed onset muscle soreness, but it is hoped that the orientation process and gradual
increase in intensity will reduce the risk. The participants will be informed about the condition,
what it feels like, how long it lasts, and suggested ways of decreasing the pain including the use
of superficial heat or ice. If a participant reports continued discomfort, the study physician will
discuss this with the participant and contact their primary care provider (PCP) as necessary.
Please see Table 3 below for a summary of alerts and appropriate action during the PT
intervention visits.
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11.1.4 Safety Measures during the PUSH Intervention
The PUSH intervention will be conducted in the participant’s place of residence and all sessions
will be conducted and supervised by trained PTs, who monitor potential adverse experiences
and symptoms. PTs will be trained to deal with medical emergencies that occur during the
PUSH sessions and will be CPR certified. Also, community EMS services will be activated if
needed.

In order to minimize discomfort and maximize safety, participants will be taught the proper
method for performing each exercise and the importance of following the proper method.
Intensity is gradually increased, and exercise technique is commented on during each session.
Participants will be instructed to talk with the PTs about any muscle soreness, pain or
discomfort.

Every effort will be made to prevent harm by stopping intervention activity when the participant
reports chest pain, dizziness, significant shortness of breath, or severe musculoskeletal pain.
PTs will monitor blood pressure at the start of the training session, mid-session, and when
participants are finished with the session. Blood pressure and heart rate will be monitored using
a standard blood pressure cuff and palpation of peripheral pulse. If blood pressure is elevated
above 170/100, the participant will rest quietly for a few minutes. The PT will monitor the
participant for signs of muscle strain, dizziness, or hypotension and appropriate palliative
methods will be discussed with the participants and appropriate medical referrals will be made.
Please see Table 3 for a summary of alerts and appropriate action during the PT intervention
visits.

11.1.5 Safety Considerations for the Protein Intervention
Although the protein supplement used in this study is virtually lactose (sugar) free, small
amounts of lactose may trigger digestive upset (abdominal pain, gas, and diarrhea) for
participants who suffer from lactose intolerance. Although this product may not contain one or
all of the following, this product is manufactured in a facility that handles milk, soy, egg, peanut,
nut, tree, fish, crustaceans/shellfish, and wheat products. Those who have celiac disease or
who have a known allergy to dairy, peanuts, or shellfish are excluded from participation. Whey
provides no fiber to the diet, and excessive consumption may lead participants to experience
constipation unless they consume high-fiber foods in addition to whey. There is an extremely
low risk of renal (kidney) or liver damage related to whey protein supplementation. Those with a
history of severe liver disease (e.g., hepatitis, fatty liver disease, cirrhosis), chronic kidney
disease (CKD stage 4), or a calculated creatinine clearance 15-29 ml/min are excluded from
participation. There is an extremely low risk that participants with poorly controlled type 2
diabetes could experience hypoglycemia (low blood sugar). Those with hemoglobin A1c level
greater than 10% are excluded from participation. Please see Table 3 for a summary of alerts
and appropriate action for the protein intervention.

Table 3. Safety Alerts and Actions for Interventions
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ALERT

ACTION

Resting blood pressure
SBP > 170mm Hg or SBP < 90mm Hg or
DBP > 100mm Hg or DBP < 50mm Hg

1.

If initial BP check is high (systolic > 170;
diastolic >100), have participant sit for 5
minutes and rest then check BP again.
This may be done twice.

If three BP readings are greater than
170/100, then individual should not
exercise.

The PCP, study coordinator, and study
physician should be called before
exercise is initiated.

If initial BP is low for that person
(systolic<90; diastolic<50) follow same
protocol.

New chest pain

Reported chest pain that occurred between
visits

Call 911.

1.

Cancel treatment and call PCP.
Report to study coordinator and study
physician to follow-up until cleared.

Acute shortness of breath

wn

Have participant stop exercising and
rest.

Take vital signs.

If the shortness of breath does not
resolve itself in 10 minutes, and vital
signs are not within normal limits for
participant, call 911.

Report to PCP, study coordinator, and
study physician.

Fall

2.

3

If there is bleeding/wound, apply
pressure using emergency kit for wound;
call 911 if needed. If participant is
unable to stand or move the injured part,
call 911 and keep them warm and
comfortable.

Report all falls to study coordinator.
Complete an incident report.

Stroke symptoms

Call 911 immediately.

Dizziness during exercise

1.

2.

3.

Stop exercise and have person sit or lie
down.

If sitting is not sufficient to resolve
dizziness, then check vital signs.

Call 911 if clinically unstable.

Report to PCP if heart rate is less than
60 (and not usually so), the dizziness is
new in onset; or if the BP is > 160/100 or
systolic <90.

Report event to study coordinator and
study physician.
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ALERT ACTION

Resting pulse 1. PT will stop delivery of the intervention.

Rate > 120 or < 40 beats/min 2. Qualified staff will consult with the study
physician and follow up as needed.

3. PT will resume delivery of the
intervention only after the participant
receives medical clearance.

New irregular heart rate with complaint of Do not exercise and call PCP.

heart palpitations 2. Report to study coordinator and study
physician for follow-up.

3. Wait for medical clearance to resume

—

exercise.
New acute musculoskeletal pain during 1. Have the participant stop the exercise
exercise (pain > 5 on VAS) and rest.

2. Attempt to alter position of participant to
reduce pain. If pain persists, do not
continue specific exercise. Attempt to do
other exercises.

3. If pain does not resolve, refer to PCP or

orthopedist and study physician.

Do not exercise.

Take pain history and call PCP.

Report to study coordinator and study

physician for follow-up and clearance.

Do not exercise.

Call PCP or if unavailable, call 911.

Report to study coordinator and study

physician for follow-up and clearance.

Participant expresses desire to commit Call PCP and report findings.

suicide 2. Report to study coordinator and study

physician for follow-up and clearance.

Do not give protein supplement.

Call PCP and report findings.

Report to study coordinator and study

physician for follow-up and clearance.

New, acute, non-musculoskeletal pain
(pain > 5 on VAS)

Sl

Acute change in mental status

wn =~

—

Participant exhibits signs of allergic
reaction to protein.

Rl

11.1.6Safety Measures for the Protein Intervention
In order to minimize discomfort and maximize safety, PTs will instruct participants on how to
take the protein supplement. We will monitor for potential adverse events. A participant who
exhibits signs of allergic reaction to the protein will stop receiving the protein supplement and
the study physician and PCP will be consulted.

11.1.7 Safety Considerations for Nutritional Support
Individuals who have sustained a hip fracture are frequently at risk for protein and calorie
malnutrition and have low calcium and vitamin D intake.'® Individuals enrolled in the study will
be screened with the MNA®-SF and if their scores indicate that they are malnourished, they will
receive in-person nutritional counseling by a registered dietician. Individuals enrolled that have
a serum albumin value 2.5-3.5 will also receive in-person nutritional counseling by a registered
dietician, regardless of score on the MNA®-SF. Participants who are at risk or not at risk for
malnutrition will receive a telephone consultation from the dietician on maintaining proper diet.
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The RD will schedule an in-person visit for those at risk if he/she feels it is necessary based on
the telephone consultation. All subjects will receive vitamin D, calcium, and multivitamin
supplementation for the 16-week study period, all of which represent best practices for this
disabled group of participants. There are small risks associated with vitamin D, calcium, and
multivitamins including gastrointestinal complaints (including mild constipation or diarrhea,
stomach upset) and kidney stones. Those with a calculated creatinine clearance less than 30
ml/min, elevated total or ionized calcium, or history of kidney stones, primary
hyperparathyroidism, or sarcoidosis will not receive calcium supplements. A participant who
experiences an episode of kidney stones during the study period will stop receiving calcium
supplements.

11.1.8 Safety Measures for Nutritional Support
If a participant loses 2% or more body weight in a four-week period, the participant will be
referred to the registered dietician for follow-up by telephone.

11.2 Confidentiality

Confidentiality of data will be maintained by using research identification numbers and letter
codes that uniquely identify each individual. Safeguards will be established to ensure the
security and privacy of participants’ study records. Data will be stored in locked files and on
computer disks, with access limited to the investigators and key study personnel. Computer
data files will not include participant names, addresses, initials, hospital record number, or any
other personal identifiers. Computer security procedures, including multiple levels of password
protection will be instituted. Data for publication will be presented only in aggregate form,
preventing identification of individual participants. After the study is completed, local data will be
archived in a secured storage area.

In compliance with the Health Insurance Portability and Accountability Act (HIPAA) and the
Standards for Privacy of Individually Identifiable Health Information of the Department of Health
and Human Services, CAP will access personal health information and medical records only
after receiving approval for a HIPAA Partial Privacy Waiver for Recruitment. Only information
necessary for determining eligibility will be obtained.

11.3 Participant Education about Potential Risks

Potential risks associated with study-related activities and interventions will be explained to
each participant by trained study personnel during the informed consent process. Each
participant will be instructed to report the occurrence of an AE to appropriate study staff at
scheduled data collection times, to PTs administering the intervention, or spontaneously at any
other time. Participants also will be encouraged to report concerns about the safety of
participating in the study.

Section 12: Reportable Adverse Events (RAEs) and Expected Adverse
Events (AEs)

12.1 Overview
In this study we will capture study-defined expected adverse events (AEs) through structured
telephone interviews every four weeks. Reportable AEs (RAEs) are defined as serious adverse
events (SAEs), AEs that have potential implications for participant safety, unexpected AEs, and
injury that occurs while a participant is under the supervision of study related personnel. These
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RAEs will require individual event reporting as described in section 12.4. The timely and
complete account of RAEs will be a critical requirement for the protection of human subjects in
this study.

The University of Maryland Claude D. Pepper Older American Independence Center (UM-OAIC)
DSMB will review and approve study-defined expected AEs and will be involved in regular
monitoring of the RAE reporting system.

12.2 Classifying Adverse Events
An AE is any unfavorable or unintended medical occurrence in a human study participant that
has taken place during the course of a research project, including any abnormal sign, symptom,
or disease, whether or not related to participation in the research

For the purposes of this study, any event that meets the criteria for an SAE, is unexpected, or
results in injury to the participant while s/he is under the supervision of study related personnel
will be classified as an RAE.

Adequate review, assessment, and monitoring of RAEs require that they be classified as to
severity, expectedness, and potential relatedness to the study intervention.

12.2.1 Severity
The study physician will use the following guidelines to determine level of severity:

Mild: Awareness of signs or symptoms, but easily tolerated and causing no loss of time from
normal activities. No specific medical intervention is required.

Moderate: Discomfort enough to cause a low level of inconvenience or concern to the
participant and may interfere with daily activities. Symptoms may require minimal, local, or
noninvasive medical intervention only.

Severe: Events interrupt the participant’s normal daily activities and are usually incapacitating.
Significant symptoms may require hospitalization or invasive medical intervention.

Life threatening: Events that may involve acute, life-threatening metabolic or cardiovascular
complications (such as circulatory failure, hemorrhage, sepsis) or life-threatening physiological
consequences. Intensive care or emergent invasive procedure is required.

Fatal: Causing death.

Severity is not synonymous with seriousness. A severe headache is not necessarily an RAE.
However, mild chest pain may result in a day’s hospitalization and thus would be classified as
an RAE.

12.2.2 Expectedness
An independent safety monitor (ISM) will assess AEs as to whether they were expected or
unexpected based on current knowledge. Categories are:

Expected: An AE that is anticipated on the basis of prior experience with the intervention under
investigation; an event that can be attributed to the underlying condition of the participant being
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studied; or an event that can be attributed to the patient population being studied (see section
12.3). Expected AEs are captured in a standardized way every four weeks.

Unexpected: An AE that was not anticipated on the basis of prior experience with the

intervention under investigation; an event that cannot be attributed to the underlying condition of
the participant being studied or to the patient population; or an expected event whose frequency
or severity exceeds what was anticipated (see section 12.4.2). Unexpected AEs are reportable.

12.2.3 Relatedness
The ISM will determine the degree to which RAEs are related to study procedures.

Definitely related: The adverse event is clearly related to the investigational procedure —i.e., an
event that follows a reasonable temporal sequence from administration of the study intervention,
follows a known or expected pattern of response to the study intervention, that is confirmed by
improvement on stopping and reappearance of the event on repeated exposure, and that could
not be reasonably explained by the known characteristics of the participant’s clinical state.

Possibly related: An adverse event that follows a reasonable temporal sequence from
administration of the study intervention or that follows a known or expected pattern of response
to the study intervention, but that could readily have been produced by a number of other
factors.

Not related: The adverse event is clearly not related to the investigational procedure (i.e.,
another cause of the event is most plausible; and/or a clinically plausible temporal sequence is
inconsistent with the onset of the event and the study intervention and/or a causal relationship is
considered biologically implausible).

12.3 Expected AEs

Expected AEs will be captured through telephone interviews every four using the Expected

Adverse Events Form. Following are expected adverse events that have been listed in the ICF:
o foot pain

hip pain

back pain

knee pain

digestive or stomach pain

breathing problems

chest pain or discomfort

bloating or puffiness in the legs, ankles, or feet

drowsiness, dizziness, or confusion

shakiness, anxiety, clammy skin, or irritability

fall (with or without injury)

12.4 Reportable AEs
RAEs are events that have potential implications for participant safety and that require individual
reporting. RAEs will be defined as events that fall into at least one of the following categories:
1. Serious adverse events (SAES)
2. Unexpected AEs, and
3. Injury that occurs while a participant is under the supervision of study personnel.
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Events that cannot be clearly defined as “reportable” will be discussed with the study physician
and PI to determine if they should be reported.

12.4.1Serious Adverse Event (SAE)
SAEs will be defined as any event that:
e Results in death
o s life threatening, or places the participant at immediate risk of death (e.g., MI,
stroke/TIA)
e Requires or prolongs hospitalization
o Causes significant disability or incapacity (e.g., torn muscle or ligament)
o Requires medical or surgical intervention to prevent significant disability (e.g., hip
fracture)

SAEs will be assessed through telephone interviews every four weeks using the Reportable
Adverse Events Telephone Screening Form. SAEs will also be assessed at the beginning of
each PT visit and clinical site visit, and by any study staff who learns of a serious event.

12.4.2Unexpected Adverse Event
Unexpected AEs will be defined as medical events that occur during study participation, but do
not commonly occur in the study population and which are not listed in the ICF or study protocol
(section 12.3). An unexpected AE may be witnessed by a member of the research team, or
staff may be told about an unexpected event that may meet the criteria for reporting.
Unexpected AEs that have a potential relationship to study procedures and activities will be
captured on an Incident Report and submitted to the study office where they will be logged in
the participant binder and then reported to the Independent Safety Monitor (ISM).

A reportable unexpected AE will be one that meets all of the following criteria:

e Unexpected, in terms of nature, severity, or frequency, given (a) the research
procedures that are described in the protocol-related documents, such as the IRB-
approved research protocol and ICF; and (b) the characteristics of the study
population;

o Related or possibly related to participation in the research (meaning that there is a
reasonable possibility that the incident, experience, or outcome may have been
caused by the procedures involved in the research);

o Suggests that the research places participants or others at a greater risk of harm
(including physical, psychological, economic, or social harm) than was previously
known or recognized.

The medical and scientific judgment of the study physician and the PI will be exercised in
deciding whether an occurrence should be reported. In addition, difficulty determining whether
or not an event is unexpected and/or attributable to the intervention will be addressed by the
ISM, who will determine if the event is to be reported.

12.4.3Injury that Occurs while Under the Supervision of Study Related Personnel
Any injury that occurs while the participant is under the supervision of study-related personnel is
reportable. The injury can happen on site (during an assessment visit) or off-site (in the
participant’'s home during a PT visit or if the study offers supervision during transportation).
These events will be captured on the Reportable Adverse Events Form.
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12.5 Expected AE and RAE Collection and Reporting
The requirements for reporting RAEs will begin when the participant provides informed consent
and will end 30 days after the participant’s involvement in the study has ended. Expected AEs

will be assessed every four weeks after baseline testing. Figures 5a-d provide algorithms
describing the reporting process.

Figure 5a. Collection and Reporting Process for Expected AEs

i
LEGEND i :

| THE PI (OR DESIGNEE) SUBMITS EXPECTED AES |
WITH THE ROUTINE DSMB REPORT SEMI-ANNUALLY
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Figure 5b. Collection and Reporting Process for RAEs Collected during Standardized Telephone
Interviews
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Figure 5c. Collection and Reporting Process for RAEs Identified Anytime Other than During a
Standardized Telephone Interview
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Figure 5d. Review and Reporting Process for RAEs
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Timeline for Reporting Events

The RAE reporting schedule is shown below:

1. Staff will report RAEs to the Pl and study physician as soon as the event is known and
submit documentation of the event to the study coordinator in real time.

2. Allinjuries that occur while a participant is under the supervision of study personnel and
all participant deaths (regardless of relatedness) will be reported to the OAIC Program
Director within 24 business hours (excluding weekends and holidays) of the Pl becoming
aware of the event.

3. Events that are reviewed by the ISM and subsequently classified as related or possibly
related to the research will also be submitted to the OAIC Program Director.

4. All other RAEs, SAEs, expected AEs, and protocol deviations will be requested
semiannually by the OAIC to be presented to the DSMB.

12.6 Evaluation and Follow-up of RAEs

All RAEs will be forwarded to an ISM for adjudication and follow-up. The ISM may contact the
study coordinator to request additional information from the participant, significant other, or their
health care provider and may seek medical records from a physician or care setting if needed to
make a determination about relatedness to the study. If the event is potentially related to the
study, the ISM will consider whether the event was listed in the protocol and ICF and whether
modifications to the protocol and ICF should be considered. To ensure the appropriate
classification of events, the study physician and/or Pl may also be called on to provide
additional information.

The ISM will be responsible for providing follow-up for ongoing reportable events, as follows:

1.

2.

The ISM will make a determination about relatedness and expectedness of the event and
submit a Reportable Adverse Event Evaluation to the study coordinator.
If there are follow-ups to an event (and the event is ongoing), the ISM will complete the RAE
Follow-up Form to record any updates and submit to the study coordinator.
The ISM will follow up on RAEs until a final status has been determined for the event (e.g.,
recovered, ended in death, is still present, or status is unknown). Some RAEs may have a
status of still present at the conclusion of the study. These are the categories of RAE status:

a. ‘Resolved’ is an event that has ended, with or without residual deficits.

b. ‘Still present’ is an event that is ongoing.

c. ‘Unknown’ should be used when the site is unable to make contact with the

participant or proxy or to obtain additional information in any other way.
d. ‘Died’is for an event that ended in death.

. Once the event is no longer ongoing and a final status for the event has been determined by

the study physician, the ISM will confirm the final status, record the closed date, and sign and
date the RAE Final Status Form that will be submitted to the study coordinator.

12.6.1 Action Taken

The PI, in consultation with the study physician and the ISM, will decide whether or not an RAE
requires that the participant be removed from the study intervention. The UM-OAIC DSMB wiill
be notified of the recommended course of action by the Pl in the routine DSMB report. Actions
taken in response to the RAE will fall into one of five categories:

o Study intervention modified o Study assessment modified
e Study intervention suspended temporarily e No action taken
o Study intervention stopped permanently
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12.7 Responsibilities
The PI has primary responsibility for the safety of participants as it relates to the study protocol.
The study coordinator will be responsible for reviewing RAEs and assuring accurate and timely
reporting of RAEs. The study physician will be responsible for reviewing RAEs. 1SMs will
evaluate and classify RAEs and provide follow-up for events until they are resolved. The UM-
OAIC DSMB will be responsible for reviewing monitoring data for evidence of harm attributable
to participation in the study.

12.7.1 Study Physician
The study physician will be responsible for being “on call” for study-related emergencies and will
be available by telephone for consultation with study personnel during all time periods when
participants are engaged in the home-based interventions or at clinical assessment visits. In
addition, the study physician will be responsible for reviewing RAEs requiring immediate
notification to the UM-OAIC DSMB and NIA. The study physician will assess severity and
consider whether participation in the study should change for reasons related to safety. The
physician will also make a determination about final status once the event has resolved.

The study physician may delegate responsibilities related to immediate notification to a
“covering” physician who has been trained on the protocol.

12.7.2 Independent Safety Monitor (ISM)
Physicians will serve as ISMs to review RAEs on a rotating basis. When a RAE is identified the
information will be redacted to conceal PHI and then forwarded to the on-call ISM to make a
determination. The ISM will be responsible for:

reviewing reports of RAEs;

confirming or refuting classification of the event as an RAE;

evaluating the expectedness of the RAE;

making a determination about relatedness of the RAE;

requesting additional information as needed in order to make a determination;

providing the study coordinator with follow-up reports for ongoing RAEs as new

information becomes available;

e confirming the final status for the event once it has been determined by the study
physician; and

e submitting a final status report to the study coordinator.

12.8 Reporting Expected AEs and RAEs to the UM-OAIC DSMB
The UM-OAIC DSMB will review tabulated data on non-serious and expected AEs on a semi-
annual basis and monitor for adverse event rates out of proportion to those expected. The PI (or
designee) will forward the individual Reportable Adverse Event Record and AE Narrative for
each event requiring immediate notification to the UM-OAIC DSMB and NIA as well as a table
showing all RAEs to the UM-OAIC DSMB and NIA semi-annually. The UM-OAIC DSMB will
review all RAEs that are temporally related to the intervention in aggregate form at its scheduled
meetings.

All RAEs that relate to hazards of the study intervention or are cause for urgent concern will be
reported to the UM-OAIC DSMB chair, NIA, and the UMB IRB immediately after recognition of
their importance. The DSMB chair may conclude that an RAE is of universal and immediate
concern. The DSMB chair may also recommend convening the UM-OAIC DSMB to review
participant safety based on any individual report or accumulating evidence.
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Section 13: Intervention Discontinuation

Certain RAEs may result in a temporary interruption or early discontinuation of the trial
assessments and interventions or components of these assessments and interventions. Please
refer to the appropriate MOP chapter(s) for specific instructions on stopping criteria during
screening, intervention, and follow-up assessments.

After such RAEs occur, a participant may resume the trial intervention when the study physician
and the primary care provider (if participant has one) agree that it is appropriate. For mild
problems that require temporary cessation of intervention, the PI, in consultation with the study
physician and participant, may agree to reintroduce the participant to the study intervention.

At any time, the UM-OAIC DSMB may recommend discontinuation of any component or
intervention group of the study for any of the following reasons:

1) Compelling evidence from this or any other study of an adverse effect of the
study intervention(s) that is sufficient to override any potential benefit of the
interventions to the target population.

2) Compelling evidence from this or any other study of a significant beneficial effect
of the study intervention(s), such that its continued denial to other study group(s)
would be unethical.

3) A very low probability of addressing the study goals within a feasible time frame.

Section 14: Data Analyses

14.1 Primary Aim
The primary aim is to compare the PUSH Plus Protein study subjects (n=30) to those who
received PUSH from CAP (n=105). The primary outcome is the distance walked in six minutes
(6MWT). Previous analyses of various physiologic measures in the Baltimore Hip Studies data
(“BHS”; data unpublished) have shown a r>0.80 within subject correlation of measures across
time. Preliminary data from CAP-MP have shown a within subject correlation of r=0.78 for initial
subjects in usual walking speed (n=13).

14.2 Secondary Objectives

A longitudinal analysis using Generalized Estimating Equations (GEEs) will be employed. A
model of the form Y(t) = a + b1 X + b2 t4 + b3 Xt4 will be used where: Y(t) is the dependent
variable Y at time t (which is 0 or 4 months post baseline testing); a is the intercept; X is an
indicator variable for treatment group (PUSH vs PUSH+ Protein); t4 is an indicator variable for
time at 4 months post baseline testing; Xt4 is an interaction term for treatment and time; and b1
through b3 are empirically derived regression coefficients. An unstructured covariance matrix,
an identity link function, and robust standard errors will be used. The effect of intervention on
each mechanistic factor will be assessed by estimating the magnitude of the coefficient b3,
which is interpreted as mean change in outcome from baseline to 4 months comparing PUSH
Plus Protein to PUSH alone. The primary outcome will be the 6-minute walk test (6MWT).
Other potential outcomes include: activities of daily living (ADLs), quality of life, lower-extremity
physical performance, increase of =2 50 meters in distance walked in six minutes, cognitive
status, and nutritional status.
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14.3 Missing Data
By design, there will be no missing data at baseline because only participants with complete
baseline data will be randomized. At follow-up, scores for scales that have published rules for
handling missing scale items (e.g., the CES-D and the SF-36) will be calculated using those
rules. All other scales will be considered missing if any part of the scale is missing. To correct
for potential selection bias from missing data, we will perform a weighted estimating equations
(WEE) analysis."®® This method involves two steps. First the probability of being observed (not
missing) is calculated as a function of predictors of missingness. Next the relationship of
treatment group to outcome is assessed using the inverse probability of being observed as a
weight in the GEE model. WEEs are advantageous because a) they are consistent with the ITT
principle because participants with missing data are included in the analysis through the
estimated weight, and b) unlike other methods for addressing missing data, they can be
performed in conjunction with marginal structural modeling by multiplying both weights together.

14.4 Sample Size Adequacy

Power analyses were conducted for detectable mean changes from baseline (conservatively)
assuming a within subject correlation of r=0.70. For between group differences, assuming 10%
loss to follow up from all causes (mortality, attrition, etc.) by 16 weeks post randomization (CAP
n=105 in the PUSH arm and this study will have n=30, so effective n=94 compared to n=27
including attrition). The study will have 80% power to detect differences of 0.475 standard
deviations assuming two-sided tests and an alpha level of 0.05. These differences are
considered small-to-moderate effects using Cohen’s criteria for interpretation of effect sizes
(where 0.2 is “small” and 0.5 is “medium). Given a BMWT mean of 186.7 and SD=55.8 in the
most recent overall sample from CAP (n=199, DSMB report May 2017), this would translate into
a difference of 22.9. Similar magnitude of effects (SD=0.41) are detectable comparing to other
measures available in the CAP study (e.g, SPPB, 3MS, etc.).

For outcomes only available in the CAP-MP study, the comparison sample is 19 subjects in
CAP-MP PUSH. Assuming 10% loss to follow up (n=17 in CAP-MP PUSH group vs n=27 in
pilot study), the study will have 80% power to detect between group differences of 0.62 standard
deviations assuming two-sided tests and an alpha level of 0.05. This is considered a moderate-
to-large effect size by Cohen.

Section 15: Data Capture, Data Management, and Quality Assurance

15.1 Data Management

15.1.1 Processing of Paper Data Forms
Field staff will bring in data forms within 1 week of the visit and place them in the appropriate
tray in the study office. Office staff will review each form for completeness and check any
required fields. Submitted data forms will be tracked in an Access® database. Forms are then
double entered into the appropriate data entry database and filed in the participant binder.

15.1.2 Reportable Adverse Events Coding

RAEs will be coded using MedDRA (version 15.1, release date September 1, 2012). The
MedDRA coding dictionary is integrated with the study database.
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15.1.3 Extraction of Data for Analysis and Reporting
Data will be extracted using StatTransfer and converted to SAS data sets for analysis and
reporting. Where required, data will be merged and recoded using validated SAS code to
create “analysis data sets”. Specifications for these analysis data sets will be drafted and
updated as needed.

15.2 Protection of Data

15.2.1 Physical Security and Backup
All tracking and data entry databases are password protected with limited access. Each are
stored on the School of Medicine’s secure server. The server is backed up daily. SAS programs
and datasets are also stored on the server and backed up daily.

15.3 Study Management Database
An Access® database will be used to track study visits, generate schedules of future study visits,
status of participants, activities of study staff members, form completion, and form submission.
The database will provide a standard way to track time-sensitive study activities throughout the
study. The study management database will be password-protected and saved on the server
that will be automatically backed up daily. Access to the database will be restricted to office
staff. There will be several standard reports available in the database to use for a variety of
tracking issues. Additional reports will be created as needed. Data for the tracking database
will come from tracking forms completed by study staff.

15.4 Quality Assurance (QA)
Quality assurance (QA) will be a shared responsibility of all study personnel. The goal of QA
monitoring will be to track study progress and develop the information necessary to ensure: 1)
enroliment of the required number of participants; 2) adherence to treatment protocol; 3) that
data are reported completely, verifiably and in a timely fashion; and 4) participant safety, by
accounting for expected AEs and RAEs. Study monitoring will be based on early implementation
of reviews of accumulating data with rapid feedback to the PI regarding problem areas. The
Investigative team will regularly review progress.

15.4.1 Training
Staff will be trained at the initial training session(s). Certification and recertification will be
required in order to assure that staff have a clear understanding of the study protocol and
Manual of Procedures (MOP). Separate training sessions will be provided for staff conducting
study assessments, telephone interviewers, PTs providing the PUSH intervention, staff
conducting screening and informed consent procedures, and the registered dieticians. The
study coordinator will attend all training sessions.

Training sessions will cover recruitment; obtaining informed consent; collection of protocol-
specified data (both questionnaire and performance-based measures); scoring; completion of
forms; capturing and reporting expected AEs and RAEs; administering the intervention;
performing diet consults; and using the paper-based data forms.

In preparation for training, staff will be asked to read background material (e.g., designated
chapters in the MOP). The training session will involve both didactic and interactive
components. Training for the different sessions will be provided by investigators with the
appropriate expertise. For example, training the PTs to deliver the study interventions will be
provided by the IM. Whenever appropriate, trainees will be required to demonstrate acquired
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skills. These demonstrations will be observed and critiqued by the trainers and other staff.
Trainees will be certified to perform study procedures after successfully completing written and
(when appropriate) performance tests.

The study coordinator will be responsible for documenting that certification has been completed.

15.4.2 Protocol Deviations
Protocol deviations may jeopardize the study by breaching assurances made to the participants
or by diminishing the validity of the study. Major deviations will be those that endanger
participants, such as failure to protect safety during the intervention, or that undermine
fundamental premises of the study, such as failure to provide the assigned intervention
according to protocol or enrolling an ineligible participant. Minor deviations will be those that
impede the progress of the study, such as not submitting data in a timely fashion.

Major deviations will be reported annually to the UMB IRB and tracked using a protocol
deviation log. The following classifications of protocol deviations will be captured, documented,
and reviewed:

1) Enrollment and consent deviations
a. Enroliment of an ineligible participant
b. Failure to obtain informed consent
c. Enroliment of participant into another study

2) IRB deviations
a. Failure to keep IRB approval up to date
b. Failure to submit study modification for approval

3) Intervention deviations
a. Required aspects of intervention not administered (e.g., dietician referral)

Section 16: Participant Rights and Confidentiality

16.1 Institutional Review Board (IRB)
The study protocol will be reviewed by the UMB IRB. Subsequent modifications must be
approved by UMB IRB before submission to the IRBS at respective study hospitals.

16.2 Informed Consent Forms (ICF)
It will be the sole responsibility of the Pl to ensure that informed consent was properly obtained
for every participant who entered into the study. The ICF will describe the purpose of the study,
the procedures to be followed, alternatives to participation, and the risks and benefits of
participation. It will also be explained that signing the consent form allows the study to confirm
eligibility before starting the intervention. Written informed consent will be obtained according to
procedures reviewed and approved by the IRB. Informed consent can be obtained anytime
upon completion of phase 1 eligibility screening and prior to 26 weeks post hospital admission.
Consent by a legally authorized representative will not be accepted.

In some cases, a local hospital will allow the use of the UMB IRB approved consent form and/or
the HIPAA Authorization Form. However, local hospital IRBs may require that language be
added to the consent form to correspond to local requirements. Staff will be responsible for
ensuring that the correct version of the ICF is used.
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If there is a change in any of the study procedures or risks that may affect the participant, the
ICF must be revised and undergo appropriate IRB review and approval. Any participants
enrolled in the study prior to such changes and who are still active in the study must sign the
amended consent form.

The study consent form will be provided to a potential participant for review prior to obtaining
informed consent. The ICF may also be mailed to the participant and/or a family member so that
s/he has sufficient time to read the document and, if desired, to have a family member or friend
review the form before signing. During the informed consent process, study staff will provide
participants with adequate information concerning the study procedures, respond to individuals’
questions and concerns, and ensure that each individual understands all the information
provided by assessing ability to provide informed consent. A more detailed description of the
informed consent process can be found in section 7.5.

16.2.1Disposition of Informed Consent Forms
Because ICFs contain subject identifiers and protected health information (PHI), these forms will
not be submitted with the data collection forms. Originals of the ICF will be filed and maintained
by the study coordinator in the participant binder which will be secured in a locked cabinet or
office, separate from source documents that include no PHI. A copy of the signed consent form
will be given to the participant and this fact will be documented in the participant’s record.

16.2.2HIPAA Authorization
The HIPAA Authorization for Research is an individual's signed permission to allow the study
investigators to use or disclose the individual's PHI described in the authorization. Once an
individual has agreed to participate in the study and written informed consent has been
obtained, the HIPAA Authorization for Research must also be explained and signed. The
HIPAA Authorization may be a stand-alone document or wording for the HIPAA Authorization
may be incorporated into the text of the ICF. The original signed authorization will be submitted
to the study office and a signed copy will be given to the participant.

16.3 Participant Confidentiality
Potential participants will be provided with a clear understanding of how the information they
provide will be used. All investigators and staff involved in the study will be required to complete
training on the protection of human subjects and HIPAA and to maintain proper certifications.

To ensure confidentiality of study data, completed questionnaires and study forms will be kept in
participant binders stored in locked offices, no unauthorized person will be permitted to see the
binder or forms, names will be used only for the necessary purpose of making sure that the
recorded information is for the person to whom it refers, and data will be summarized so that
published results cannot be traced to individuals.

On data collection forms, participants will be identified only by a unique study identification
number. Staff will record names, contact information, and other direct identifiers to enable them
to maintain contact with participants. Logs accessible only to the Pl and key study personnel will
link the study identification number to names.

To protect study data from theft or unauthorized perusal or alteration, access to all computer
files will be restricted to designated personnel through the use of passwords. Access to the
database and programs will be on a "need to use" basis (e.g., coordination staff cannot access
main system programs).
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Computer security procedures, including multiple levels of password protection will be instituted.
The study records will be identified by a unique participant identification number. Identification
numbers will be recorded on each page of the paper forms. Names and addresses of
participants corresponding to each identification number will be kept in secure files at the clinical
site. Final analysis data sets will not contain any directly or indirectly identifying information.
Thus, dates of birth will be converted to age, other dates will be changed to counts of days from
study entry, identification numbers will be replaced with sequence numbers, variables that could
lead to deductive disclosure of the identity of individual participants will not be included nor will
indirect identifiers such as infrequently occurring (e.g., fewer than 20 participants) outwardly
manifest characteristics.

Section 17: Research Publication Policy

Publications will be operationally defined as manuscripts for publication; abstracts for platform
or poster presentation at scientific and other professional meetings; slides for presentation at
scientific and other professional meetings; doctoral dissertations; and master’s theses.

The goal of our publication policy is to encourage and facilitate the publication of study results.
The purposes of this policy are to ensure the following: 1) Publications will be of the highest
scientific quality; 2) the study will be described in a consistent manner across publications; 3)
measures are reported in consistent ways across publications; 4) proper acknowledgements are
included; and 4) appropriate authorship credit is determined prior to submission of manuscripts
for publication consideration.

Publications will be overseen by the PUSH Plus Protein Pilot Study leadership (Drs. Magaziner,
Orwig, and Gruber-Baldini). These investigators will make recommendations to the
Investigative team. Final papers using data from CAP or CAP-MP may also need to be
reviewed by the CAP Publication and Ancillary Studies Committee.

A document describing the Publication Policy and Procedures appears in the Manual of
Procedures.

17.1 Concurrent Studies
Study investigators agree not to conduct studies which would compete with or have a
detrimental effect on the conduct of the PUSH Plus Protein Pilot study during the period of
recruitment and follow-up. However, it is understood that each investigator has the right to
conduct concurrent studies with participants who do not meet criteria for enroliment into PUSH
Plus Protein. Concurrent studies of patients who meet eligibility criteria for PUSH Plus Protein
but are not enrolled in PUSH Plus Protein must be disclosed and reviewed by the Investigative
team.
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Section 18: Study Team Roster

Name Role Address Phone number | Fax number E-mail

Study Chairs

Jay Magaziner Study Chair University of MD Baltimore 410-706-3553 410-706-4433 jmagazin@som.umaryland.edu
660 W. Redwood Street
Suite 200
Baltimore, MD 21201

Denise Orwig Study PI University of MD Baltimore 410-706-8951 410-706-4433 dorwig@som.umaryland.edu
660 W. Redwood Street
Suite 200
Baltimore, MD 21201

NIA Project

Officer

Lyndon Joseph Project National Institute on Aging 301-496-6761 301-480-1066 josephlj@mail.nih.gov

Officer 7201 Wisconsin Ave. Suite

525 A
Bethesda, MD 20892

Biostatistics
and Analysis

Larry Magder

Biostatistician

University of MD Baltimore
660 W. Redwood Street
Suite 200

Baltimore, MD 21201

410-706-3253

410-706-4433

Imagder@som.umaryland.edu

Ann Gruber- Biostatistician | University of MD Baltimore 410-706-2444 410-706-4433 abaldin@som.umaryland.edu
Baldini 660 W. Redwood Street
Suite 200
Baltimore, MD 21201
Intervention
Doug Savin Intervention University of MD, Baltimore 410-706-5210 410-706-6387 dsavin@som.umaryland.edu
Monitor Department of Physical
Therapy & Rehab Science
100 Penn St, Room 205 B
Baltimore, MD 21201
Kelly Ort Registered Baltimore VA Medical Center | 410-605-7000 kelly.ort@va.gov
Dietician 100 N. Greene Street ext. 5434

Baltimore, MD 21201
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Name Role Address Phone number | Fax number E-mail
Clinical
Direction
Brock Beamer Study Baltimore VA Medical Center | 410-605-7000 410-605-7971 brock.beamer@va.gov
Physician 100 N. Greene Street ext. 4870
Room 4B-192
Baltimore, MD 21201
Kenneth Koval Independent | Orlando Regional Medical 321-841-3479 321-841-1870 kenneth.koval@orlandohealth.com
Safety Center
Monitor 86 W Underwood Street
MP43
Orlando FL 32732
Ellen Binder Independent | Washington University 314-286-2700 314-286-2701 ebinder@dom.wustl.edu
Safety School of Medicine
Monitor Division of Geriatrics and
Nutritional Science
660 S. Euclid, Campus Box
8303
St. Louis, MO 63108
Ram Miller Member Novartis Institutes for 617-871-4491 ram.miller@novartis.com
Biomedical Research
220 Massachusetts Ave
260A
Cambridge, MA 02139
Publications
and Ancillary
Studies
Ann Gruber- Chair University of MD Baltimore 410-706-2444 410-706-4433 abaldin@som.umaryland.edu
Baldini 660 W. Redwood Street

Suite 200
Baltimore, MD 21201

PUSH Plus Protein Pilot Protocol version3.0

53



mailto:ram.miller@novartis.com

Section 19: References

1.

2.

S ©®

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Magaziner J, Fredman L, Hawkes W, et al. Changes in functional status attributable to hip fracture: a
comparison of hip fracture patients to community-dwelling aged. Am J Epidemiol 2003;157:1023-31.
Magaziner J, Hawkes W, Hebel JR, et al. Recovery from hip fracture in eight areas of function. J
Gerontol A Biol Sci Med Sci 2000;55:M498-507.

Chang KP, Center JR, Nguyen TV, Eisman JA. Incidence of hip and other osteoporotic fractures in
elderly men and women: Dubbo Osteoporosis Epidemiology Study. J Bone Miner Res 2004;19:532-6.
Koval KJ, Cooley MR. Clinical pathway after hip fracture. Disabil Rehabil 2005;27:1053-60.
Snyder-Mackler L. Electrical stimulation for pain modulation. In: Robinson AS-M, L, ed. Clinical
Electrophysiology Electrotherapy and Electrophysiologic Testing. Philadelphia: Lippincott Williams &
Wilkins; 1995:279-310.

Guigoz Y, Vellas B, Garry PJ. Assessing the nutritional status of the elderly: The Mini Nutritional
Assessment as part of the geriatric evaluation. Nutr Rev 1996;54:S59-S65.

Frankenfield D, Roth-Yousey L, Compher C. Comparison of predictive equations for resting metabolic
rate in healthy nonobese and obese adults: a systematic review. J Am Diet Assoc 2005;105:775-89.
Unintended weight loss in older adults. http://www.adaevidencelibrary.com, 2009.

Evans WJ. Protein nutrition, exercise and aging. J Am Coll Nutri 2004;23:601S-9S.

Shumway-Cook A, Ciol MA, Gruber W, Robinson C. Incidence of and risk factors for falls following hip
fracture in community-dwelling older adults. PhysTher 2005;85:648-55.

Shumway-Cook A, Ciol MA, Yorkston KM, Hoffman JM, Chan L. Mobility limitations in the Medicare
population: prevalence and sociodemographic and clinical correlates. J Am Geriatr Soc 2005;53:1217-
21.

Kozak LJ, Hall MJ, Owings MF. National Hospital Discharge Survey: 2000 annual summary with
detailed diagnosis and procedure data. Vital Health Stat 13 2002:1-194.

Schneider EL, Guralnik JM. The aging of America -- Impact on health care costs. JAMA
1990;263:2335-40.

Tosteson A, Solomon D, King A, Dawson-Hughes B, Burge R, Wong J. Projections of osteoporosis
fractures and costs by skeletal site in the USA [Abstract]. J Bone Min Res 2005;20:S21.

Praemer A, Furner S, Rice D. Musculoskeletal conditions in the United States. Surgeon General's
Report. Rosemont, IL: American Academy of Orthopaedic Surgeons; 1992.

Brainsky A, Glick H, Lydick E, et al. The economic cost of hip fractures in community-dwelling older
adults: A prospective study. J Am Geriatr Soc 1997;45:281-7.

Ray NF, Chan JK, Thamer M, Melton LJ. Medical expenditures for the treatment of osteoporotic
fractures in the United States in 1995: Report from the National Osteoporosis Foundation. J Bone
Miner Res 1997;12:24-35.

Office of Technology Assessment. Hip fracture outcomes in people aged 50 and over: Mortality,
service use, expenditures, and long-term functional impairment: Congress of the United States; 1993.
Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson A. Incidence and economic
burden of osteoporosis-related fractures in the United States, 2005-2025. J Bone Miner Res
2007;22:465-75.

Handoll H, Sherrington C. Mobilisation strategies after hip fracture surgery in adults. Cochrane
Database Syst Rev 2007;23:CD001704.

Buchner DM, Cress ME, de Lateur BJ, et al. The effect of strength and endurance training on gait,
balance, fall risk, and health services use in community-living older adults. J Gerontol A Biol Sci Med
Sci 1997;52:M218-24.

Binder EF, Schechtman KB, Ehsani AA, et al. Effects of exercise training on frailty in community-
dwelling older adults: results of a randomized, controlled trial. J Am Geriatr Soc 2002;50:1921-8.
Noonan V, Dean E. Submaximal exercise testing: clinical application and interpretation. PhysTher
2000;80:782-807.

Astrand |. Aerobic work capacity in men and women with special reference to age. Acta Physiol Scand
1960;49(Suppl 169):1-92.

Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and nomographic assessment of functional
aerobic impairment in cardiovascular disease. Am Heart J 1973;85:546-62.

Mendelsohn ME, Overend TJ, Connolly DM, Petrella RJ. Improvement in aerobic fithess during
rehabilitation after hip fracture. Arch Phys Med Rehabil 2008;89:609-17.

PUSH Plus Protein Pilot Protocol version3.0 54


http://www.adaevidencelibrary.com/

27.

28.

29.

30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Toraman NF, Erman A, Agyar E. Effects of multicomponent training on functional fitness in older adults.
J Aging Phys Act 2004;12:538-53.

Rostagno C, Galanti G, Romano M, Chiostri G, Gensini GF. Prognostic value of 6-minute walk corridor
testing in women with mild to moderate heart failure. Ital Heart J 2002;3:109-13.

Mangione K, Craik R, Tomlinson S, Palombaro K. Can elderly patients who have had a hip fracture
perform moderate- to high-intensity exercise at home? PhysTher 2005;85:727-39.

Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test performance in community-dwelling
elderly people: Six-Minute Walk Test, Berg Balance Scale, Timed Up & Go Test, and gait speeds.
PhysTher 2002;82:128-37.

Enright PL, McBurnie MA, Bittner V, et al. The 6-min walk test: a quick measure of functional status in
elderly adults. Chest 2003;123:387-98.

Whitehead C, Miller M, Crotty M. Falls in community-dwelling olders persons following hip fracture:
impact on self-efficacy, balance and handicap. Clin Rehabil 2003;17:899-906.

Sherrington C, Lord SR. Increased prevalence of fall risk factors in older people following hip fracture.
Gerontology 1998;44:340-4.

Magaziner J, Hawkes W, Hebel JR, et al. Recovery from hip fracture in eight areas of function. J
Gerontol A Biol Sci Med Sci 2000;55:M498-M507 .

Barnes B, Dunovan K. Functional outcomes after hip fracture. PhysTher 1987;67:1675-9.

Miller CW. Survival and ambulation following hip fracture. J Bone Joint Surg Am 1978;60:930-4.
Laskin RS, Gruber MA, Zimmerman AJ. Intertrochanteric fractures of the hip in the elderly: a
retrospective analysis of 236 cases. Clin Orthop Rel Res 1979;141:188-95.

Fox KM, Magaziner J, Hawkes WG, et al. Loss of bone density and lean body mass after hip fracture.
Osteoporos Int 2000;11:31-5.

Bean JF, Kiely DK, Herman S, et al. The relationship between leg power and physical performance in
mobility-limited older people. J Am Geriatr Soc 2002;50:461-7.

Herman S, Kiely DK, Leveille S, O'Neill E, Cyberey S, Bean JF. Upper and lower limb muscle power
relationships in mobility-limited older adults. J Gerontol A Biol Sci Med Sci 2005;60:476-80.

Foldvari M, Clark M, Laviolette LC, et al. Association of muscle power with functional status in
community-dwelling elderly women. J Gerontol A Biol Sci Med Sci 2000;55:M192-M9.

Lamb SE, Morse RE, Evans JG. Mobility after proximal femoral fracture: the relevance of leg extensor
power, postural sway and other factors. Age Ageing 1995;24:308-14.

Koval KJ, Skovron ML, Aharonoff GB, Meadows SE, Zuckerman JD. Ambulatory ability after hip
fracture: A prospective study in geriatric patients. Clin Orthop Relat Res 1995;310:150-9.

Nagi SZ. Disability concepts revisited: Implications for prevention. In: Pope MT, A.R., ed. Disability in
America: Toward a National Agenda for Prevention. Washington, DC: Institute of Medicine. National
Academy Press; 1991:309-27.

Marottoli RA, Berkman LF, Cooney LM. Decline in physical function following hip fracture. J Am Geriatr
Soc 1992;40:861-6.

Tolo ET, Bostrom MP, Simic PM, Lyden JP, Cornell CM, Thorngren KG. The short term outcome of
elderly patients with hip fractures. Int Orthop 1999;23:279-82.

Mossey JM, Mutran E, Knott K, Craik R. Determinants of recovery 12 months after hip fracture: The
importance of psychosocial factors. Am J Pub Health 1989;79:279-86.

Young Y, Brant L, German P, Kenzora J, Magaziner J. A longitudinal examination of functional recovery
among elderly with subcapital fractures. J Am Geriatr 1997;45:288-94.

Jette AM, Harris BA, Cleary PD, Campion EW. Functional recovery after hip fracture. Arch Phys Med
Rehabil 1987;68:735-40.

Zuckerman JD, Koval KJ, Aharonoff GB, Skovron ML. A functional recovery score for elderly hip
fracture patients: Il. Validity and reliability. J Orthop Trauma 2000;14:26-30.

Roorda LD, Roebroeck ME, van Tilburg T, et al. Measuring activity limitations in walking: development
of a hierarchical scale for patients with lower-extremity disorders who live at home. Arch Phys Med
Rehabil 2005;86:2277-83.

Norton R, Butler M, Robinson E, Lee-Joe T, Campbell AJ. Declines in physical functioning attributable
to hip fracture among older people: a follow-up study of case-control participants. Disabil Rehabil
2000;22:345-51.

Mangione KK, Lopopolo RB, Neff NP, Craik RL, Palombaro KM. Interventions used by physical
therapists in home care for people after hip fracture. PhysTher 2008;88:199-210.

PUSH Plus Protein Pilot Protocol version3.0 55



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Toussant EM, Kohia M. A critical review of literature regarding the effectiveness of physical therapy
management of hip fracture in elderly persons. J Gerontol A Biol Sci Med Sci 2005;60:1285-91.
Mitchell SL, Stott DJ, Martin BJ, Grant SJ. Randomized controlled trial of quadriceps training after
proximal femoral fracture. Clin Rehabil 2001;15:282-90.

Hauer K, Specht N, Schuler M, Bartsch P, Oster P. Intensive physical training in geriatric patients after
severe falls and hip surgery. Age Ageing 2002;31:49-57.

Sherrington C, Lord SR, Herbert RD. A randomised trial of weight-bearing versus non-weight-bearing
exercise for improving physical ability in inpatients after hip fracture. Aust J Physiother 2003;49:15-22.
Lamb S, Oldham J, Morse R, Evans J. Neuromuscular stimulation of the quadriceps muscle after hip
fracture: A randomized controlled trial. Arch Phys Med Rehabil 2002;83:1087-92.

Tinetti ME, Baker DI, Gottschalk M, et al. Systematic home-based physical and functional therapy for
older persons after hip fracture. Arch Phys Med Rehabil 1997;78:1237-47.

Tsauo JY, Leu WS, Chen YT, Yang RS. Effects on function and quality of life of postoperative home-
based physical therapy for patients with hip fracture. Arch Phys Med Rehabil 2005;86:1953-7.

Zidén L, Frandin K, Kreuter M. Home rehabilitation after hip fracture. A randomized controlled study on
balance confidence, physical function and everyday activities. Clin Rehabil 2008;26:1-15.

Moseley AM, Sherrington C, Lord SR, Barraclough E, St George RJ, Cameron ID. Mobility training after
hip fracture: a randomised controlled trial. Age Ageing 2009;38:74-80.

Mangione K, Craik R, Lopopolo R, Brenneman S. Gait speed predictors in patients after hip fracture.
Physiotherapy Canada 2008;60:10-8.

Sherrington C, Lord SR. Home exercise to improve strength and walking velocity after hip fracture: a
randomized controlled trial. Arch Phys Med Rehabil 1997;78:208-12.

Sherrington C, Lord SR, Herbert RD. A randomized controlled trial of weight-bearing versus non-
weight-bearing exercise for improving physical ability after usual care for hip fracture. Arch Phys Med
Rehabil 2004;85:710-6.

Tinetti ME, Baker DI, Gottschalk M, et al. Home-based multicomponent rehabilitation program for older
persons after hip fracture: a randomized trial. Arch Phys Med Rehabil 1999;80:916-22.

Henderson SA, Finlay OE, Murphy N, et al. Benefits of an exercise class for elderly women following
hip surgery. Ulster Med J 1992;61:144-50.

Binder EF, Brown M, Sinacore DR, Steger-May K, Yarasheski KE, Schechtman KB. Effects of extended
outpatient rehabilitation after hip fracture: a randomized controlled trial. JAMA 2004;292:837-46.
Portegijs E, Kallinen M, Rantanen T, et al. Effects of resistance training on lower-extremity impairments
in older people with hip fracture. Arch Phys Med Rehab 2008;89:1667-74.

Mangione KK, Palombaro KM. Exercise prescription for a patient 3 months after hip fracture. PhysTher
2005;85:676-87.

Palmieri RM, Tom JA, Edwards JE, et al. Arthrogenic muscle response induced by an experimental
knee joint effusion is mediated by pre- and post-synaptic spinal mechanisms. J Electromyogr Kinesiol
2004;14:631-40.

Mangione KK, Craik RL, Palombaro KM, Tomlinson SS, Hofmann MT. Home-based leg-strengthening
exercise improves function 1 year after hip fracture: a randomized controlled study. J Am Geriatr Soc
2010;58:1911-7.

Charette SL, McEvoy L, Pyka G, et al. Muscle hypertrophy response to resistance training in older
women. J Appl Physiol 1991;70:1912-6.

Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA, Evans WJ. High-intensity strength training
in nonagenarians: Effects on skeletal muscle. JAMA 1990;263:3029-34.

Frontera WR, Meredith CN, O'Reilly KP, Knuttgen HG, Evans WJ. Strength conditioning in older men:
skeletal muscle hypertrophy and improved function. J Appl Physiol 1988;64:1038-44.

Nichols JF, Hitzelberger LM, Sherman JG, Patterson P. Effects of resistance training on muscular
strength and functional abilities of community-dwelling older adults. J Aging Phys Activity 1995;3:238-
50.

Judge JO, Whipple RH, Wolfson LI. Effects of resistive and balance exercises on isokinetic strength in
older persons. J Am Geriatr Soc 1994;42:937-46.

Lord SR, Ward JA, Williams P, Strudwick M. The effect of a 12-month exercise trial on balance,
strength, and falls in older women: A randomized controlled trial. J Am Geriatr Soc 1995;43:1198-206.
Brown M, Holloszy JO. Effects of a low intensity exercise program on selected physical performance
characteristics of 60-to-71 year olds. Aging 1991;3:129-39.

PUSH Plus Protein Pilot Protocol version3.0 56



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Barry BK, Carson RG. The consequences of resistance training for movement control in older adults. J
Gerontol A Biol Sci Med Sci 2004;59A:730-54.

Means KM, Rodell DE, O'Sullivan PS. Balance, mobility, and falls among community-dwelling elderly
persons: effects of a rehabilitation exercise program. Am J Phys Med Rehabil 2005;84:238-50.

Nelson ME, Layne JE, Bernstein MJ, et al. The effects of multidimensional home-based exercise on
functional performance in elderly people. J Gerontol A Biol Sci Med Sci 2004;59:154-60.

Tinetti ME, Baker DI, McAvay G, et al. A multifactorial intervention to reduce the risk of falling among
elderly people living in the community. N Engl J Med 1994;331:821-7.

Cecchi F, Pasquini G, Chiti M, et al. Physical activity and performance in older persons with
musculoskeletal impairment: results of a pilot study with 9-month follow-up. Aging Clin Exp Res
2009;21:122-8.

Bean JF, Kiely DK, LaRose S, O'Neill E, Goldstein R, Frontera WR. Increased velocity exercise specific
to task training versus the National Institute on Aging's strength training program: changes in limb
power and mobility. J Gerontol A Biol Sci Med Sci 2009;64:983-91.

ACSM. ACSM's Guidelines for Exercise Testing and Prescription. 6 ed. Philadelphia: Lippincott
Williams and Wilkins; 2000.

Hellebrandt F, Houtz S. Mechanisms of muscle training in man: experimental demonstration of the
overload principle. Phys Ther Rev 1956;36:371-83.

Berger RA. Optimum repetions for the development of strength. The Research Quarterly 1962;33:334-
8.

Hunter GR, McCarthy JP, Bamman MM. Effects of resistance training on older adults. Sports Med
2004;34:329-48.

Rhea MR, Alvar BA, Burkett LN, Ball SD. A meta-analysis to determine the dose response for strength
development. Med Sci Sports Exerc 2003;35:456-64.

Hakkinen K, Alen M, Kallinen M, Newton RU, Kraemer WJ. Neuromuscular Adapatation during
prolonged strength training, detraining and re-strength training in middle-aged and elderly people. Eur J
Applied Physiology 2000;83:51-62.

Knight CA, Kamen G. Adaptations in muscular activation of the knee extensor muscles with strength
training in young and older adults. J Electromyogr Kinesiol 2001;11:405-12.

Patten CT, Kamen G, Rowland DM. Adaptations in maximal motor unit discharge rate to strength
training in young and older adults. Muscle Nerve 2001;24:542-50.

Hunter SK, Thompson MW, Ruell PA. Human skeletal sarcoplasmic reticulum Ca2+ uptake and muscle
function with aging and strength training. J Appl Physiol 1999;86:1858-65.

Trappe S, Williamson D, Godard M, Porter D, Rowden G, Costill D. Effect of resistance training on
single muscle fiber contractile function in older men. J Appl Physiol 2000;89:143-52.

Beekhuizen KS, Field-Fote EC. Sensory stimulation augments the effects of massed practice training in
persons with tetraplegia. Arch Phys Med Rehabil 2008;89:602-8.

Herrick C, Steger-May K, Sinacore DR, Brown M, Schechtman KB, Binder EF. Persistent pain in frail
older adults after hip fracture repair. J Am Geriatr Soc 2004;52:2062-8.

Cheing GL, Hui-Chan CW. Would the addition of TENS to exercise training produce better physical
performance outcomes in people with knee osteoarthritis than either intervention alone? Clin Rehabil
2004;18:487-97.

Abou-Setta AM, Beaupre LA, Rashiq S, et al. Comparative effectiveness of pain management
interventions for hip fracture: a systematic review. Ann Intern Med 2011;155:234-45.

Gorodetskyi IG, Gorodnichenko Al, Tursin PS, Reshetnyak VK, Uskov ON. Non-invasive interactive
neurostimulation in the post-operative recovery of patients with a trochanteric fracture of the femur. A
randomised, controlled trial. J Bone Joint Surg Br 2007;89:1488-94.

Perry J, Garrett M, Gronley J, Mulroy S. Classification of walking handicap in the stroke population.
Stroke 1995;26:982-9.

Patla A, Shumway-Cook A. Dimensions of mobility: defining the complexity and difficulty associated
with community mobility. J Aging Phys Act 1998;7:7-19.

Robinett CS, Vondran MA. Functional ambulation velocity and distance requirements in rural and urban
communities. A clinical report. PhysTher 1988;68:1371-3.

Guralnik JM, Fried LP, Salive ME. Disability as a public health outcome in the aging population. Annu
Rev Public Health 1996;17:25-46.

PUSH Plus Protein Pilot Protocol version3.0 57



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.
117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Guyatt GH, Sullivan MJ, Thompson PJ, et al. The 6-minute walk: a new measure of exercise capacity in
patients with chronic heart failure. Can Med Assoc J 1985;132:919-23.

Hirsch CH, Fried LP, Harris T, Fitzpatrick A, Enright P, Schulz R. Correlates of performance-based
measures of muscle function in the elderly: the Cardiovascular Health Study. J Gerontol A Biol Sci Med
Sci 1997;52:M192-200.

Harada ND, Chiu V, Stewart AL. Mobility-related function in older adults: assessment with a 6-minute
walk test. Arch Phys Med Rehabil 1999;80:837-41.

Lord SR, Menz HB. Physiologic, psychologic, and health predictors of 6-minute walk performance in
older people. Arch Phys Med Rehabil 2002;83:907-11.

Latham NK, Mehta V, Nguyen AM, et al. Performance-based or self-report measures of physical
function: which should be used in clinical trials of hip fracture patients? Arch Phys Med Rehabil
2008;89:2146-55.

Tudor-Locke C, Williams JE, Reis JP, Pluto D. Utility of pedometers for assessing physical activity:
construct validity. Sports Med 2004;34:281-91.

Gunnarsson O, Judge J, Earles D, Marcella G. A comparison of walking programs for older adults:
Effect on six minute walking distance [abstract]. Gerontologist 1997;37:126.

Sayers SP, Brach JS, Newman AB, Heeren TC, Guralnik JM, Fielding RA. Use of self-report to predict
ability to walk 400 meters in mobility-limited older adults. J Am Geriatr Soc 2004;52:2099-103.
Sakari-Rantala R, Avlund K, Frandin K, Era P. The incidence of mobility restrictions among elderly
people in two Nordic localities. A five-year follow-up. Aging Clin Exp Res 2002;14:47-55.

Simonsick EM, Kasper JD, Guralnik JM, et al. Severity of upper and lower extremity functional
limitation: scale development and validation with self-report and performance-based measures of
physical function. WHAS Research Group. Women's Health and Aging Study. J Gerontol B Psychol Sci
Soc Sci 2001;56:510-9.

Duncan PW, Lai SM, Bode RK, Perera S, DeRosa J. Stroke Impact Scale-16: A brief assessment of
physical function. Neurology 2003;60:291-6.

Murray MP. Gait as a total pattern of movement. Am J Phys Med 1967;46:290-333.

Hageman PA, Blanke DJ. Comparison of gait of young women and elderly women. PhysTher
1986;66:1382-7.

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence for a phenotype. J Gerontol A
Biol Sci Med Sci 2001;56:M146-M56.

Molen HH. Problems on the evaluation of gait (thesis). Amsterdam: Amsterdam Free University; 1973.
Drillis R. The influence of aging on kinematics of gait. Washington, DC: NAS-NRC; 1961. Report No.:
Pub. No. 919.

Newman AB, Haggerty CL, Kritchevsky SB, Nevitt MC, Simonsick EM, Health ABC Collaborative
Research Group. Walking performance and cardiovascular response: associations with age and
morbidity - the health, aging and body composition study. J Gerontol A Biol Sci Med Sci 2003;58A:715-
20.

Langlois JA, Keyl PM, Guralnik JM, Foley DJ, Marottoli RA, Wallace RB. Characteristic of older
pedestrians who have difficulty crossing the street. Am J Public Health 1997;87:393-7.

Ingemarsson AH, Frandin K, Mellstrom D, Moller M. Walking ability and activity level after hip fracture in
the elderly - a follow-up. J Rehabil Med 2003;35:76-83.

Mendelsohn ME, Leidl DS, Overend TJ, Petrella RJ. Specificity of functional mobility measures in older
adults after hip fracture: a pilot study. Am J Phys Med Rehabil 2003;82:766-74.

Lord SE, McPherson K, McNaughton HK, Rochester L, Weatherall M. Community ambulation after
stroke: how important and obtainable is it and what measures appear predictive? Arch Phys Med
Rehabil 2004;85:234-9.

van Schoor NM, de Bruyne MC, van der Roer N, et al. Cost-effectiveness of hip protectors in frail
institutionalized elderly. Osteoporos Int 2004;15:964-9.

Singh S, Sun H, Anis AH. Cost-effectiveness of hip protectors in the prevention of osteoporosis related
hip fractures in elderly nursing home residents. J Rheumatol 2004;31:1607-13.

Kanis JA, Borgstrom F, Johnell O, Jonsson B. Cost-effectiveness of risedronate for the treatment of
osteoporosis and prevention of fractures in postmenopausal women. Osteoporos Int 2004;15:862-71.
Fleurence RL. Cost-effectiveness of fracture prevention treatments in the elderly. Int J Technol Assess
Health Care 2004;20:184-91.

PUSH Plus Protein Pilot Protocol version3.0 58



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.
154.

155.

156.

Borgstrom F, Johnell O, Kanis JA, Oden A, Sykes D, Jonsson B. Cost effectiveness of raloxifene in the
treatment of osteoporosis in Sweden: an economic evaluation based on the MORE study.
Pharmacoeconomics 2004;22:1153-65.

Willis MS. The health economics of calcium and vitamin D3 for the prevention of osteoporotic hip
fractures in Sweden. Int J Technol Assess Health Care 2002;18:791-807.

Vestergaard P, Rejnmark L, Mosekilde L. Hip fracture prevention: cost-effective strategies.
Pharmacoeconomics 2001;19:449-68.

Kumar BA, Parker MJ. Are hip protectors cost effective? Injury 2000;31:693-5.

Tosteson A, Rosenthat D, Melton LI, Weinstein M. Cost-effectiveness of screening perimenopausal
white women for osteoporosis: bone densitometry and hormone replacement therapy. Ann Intern Med
1990;113:594-603.

Surgeon General. Bone Health and Osteoporosis: A Report of the Surgeon General. Rockville, MD:
US Department of Health and Human Services, Public Health Service, Office of the Surgeon General,
2004.

Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-Effectiveness in Health and Medicine. New York:
Oxford University Press; 1996.

Bolinger RW, Graham G. Owners Manual: Shuttle Miniclinic. Glacier, Washington: Contemporary
Design Company; 1997.

Winter DA, Eng JJ, Ishac MG, Craik RL, Oatis CA. A Review of Kinetic Parameters in Human Walking.
Gait Analysis: Theory and Application. St. Louis: Mosby; 1995:252-70.

Knutson LM, Soderberg GL, Craik RL, Oatis CA. EMG: Use and Interpretation in Gait. Gait Analysis:
Theory and Application. St. Louis: Mosby; 1995:307-25.

Chandler JM, Duncan PW, Kochersberger G, Studenski S. Is lower extremity strength gain associated
with improvement in physical performance and disability in frail, community-dwelling elders? Arch Phys
Med Rehabil 1998;79:24-30.

Smidt GL. Hip motion and related factors in walking. PhysTher 1971;51:9-22.

Winter DA, Patla AE, Frank JS, Walt SE. Biomechanical walking pattern changes in the fit and healthy
elderly. PhysTher 1990;70:340-7.

Braith RW, Graves JE, Leggett SH, Pollock ML. Effect of training on the relationship between maximal
and submaximal strength. Med Sci Sports Exerc 1993;25:132-8.

Shaw CE, McCully KK, Posner JD. Injuries during one repetition maximum assessment in the elderly. J
Cardpulm Rehabil 1995;15:283-7.

Pollock ML, Carroll JF, Graves JE, et al. Injuries and adherence to walk/jog and resistance training
programs in the elderly. Med Sci Sports Exerc 1991;23:1194-2000.

Fiatarone MA, O'Neill EF, Ryan ND, et al. Exercise training and nutritional supplementation for physical
frailty in very elderly people. New Engl J Med 1994;330:1769-75.

Foster VL, Hume GJ, Byrnes WC, Dickinson AL, Chatfield SJ. Endurance training for elderly women:
moderate vs low intensity. J Gerontol: Med Sci 1989;44:M184-M8.

Mangione KK, McCully K, Gloviak A, Lefebvre I, Hofmann M, Craik R. The effects of high intensity and
low intensity cycle ergometry in older adults with knee osteoarthritis. J Gerontol A Biol Sci Med Sci
1999;54A:M184-M90.

Posner JD, Gorman KM, Windsor-Landsberg L, et al. Low to moderate intensity endurance training in
healthy older adults: physiological responses after four months. J Am Geriatr Soc 1992;40:1-7.

Borg GA. Perceived exertion: a note on "history" and methods. Med Sci Sports 1973;5:90-3.

Bellg AJ, Borrelli B, Resnick B, et al. Enhancing treatment fidelity in health behavior change studies:
best practices and recommendations from the NIH Behavior Change Consortium. Health Psychol
2004;23:443-51.

Resnick B, Inguito P, Orwig D, et al. Treatment fidelity in behavior change research: A case sample.
Nurs Res 2005;54:139-43.

Teng EL, Chui HC. The Modified Mini-Mental State (3MS) examination. J Clin Psychiatr 1987;48:314-8.
Teng EL, Chui HC, Hubbard D, Corgiat MD. The Modified Mini-Mental State (the 3MS) test. Clinical
Neuropsychology 1987;1:293.

Tombaugh GC, Somjen GG. Mini-Mental State Examination (MMSE) and the Modified MMSE (3MS): A
Psychometric Comparison and Normative Data. Psychological Assessment 1996;8:48-59.

Peeters P, Mets T. The 6-minute walk as an appropriate exercise test in elderly patients with chronic
heart failure. J Gerontol A Biol Sci Med Sci 1996;51:M147-51.

PUSH Plus Protein Pilot Protocol version3.0 59



157.

158.

159.

160.

161.

162.

163.

164.
165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Montgomery PS, Gardner AW. The clinical utility of a six-minute walk test in peripheral arterial
occlusive disease patients. J Am Geriatr Soc 1998;46:706-11.

American Thoracic Society. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit
Care Med 2002;166:111-7.

VanSwearingen JM, Brach JS Making geriatric assessment work: selecting useful measures. PhysTher
2001;81:1233-52.

Freedman VA. Adopting the ICF language for studying late-life disability: a field of dreams? J Gerontol
A Biol Sci Med Sci 2009;64:1172-4; discussion 5-6.

Bohannon R. Test-retest reliability of hand-held dynamometry during a single session of strength
assessment. PhysTher 1986;66:206-9.

Andrews AW, Thomas MW, Bohannon RW. Normative values for isometric muscle force
measurements obtained with hand-held dynamometers. PhysTher 1996;76:248-59.

Bohannon RW. Reference values for extremity muscle strength obtained by hand-held dynamometry
from adults aged 20 to 79 years. Arch Phys Med Rehabil 1997;78:26-32.

Bohannon RW, Andrews AW. Interrater reliability of hand-held dynamometry. PhysTher 1987;67:931-3.
Reuben DB, Siu AL. An objective measure of physical function of elderly outpatients. The Physical
Performance Test. J Am Geriatr Soc 1990;38:1105-12.

Birkmeyer NJ, Weinstein JN, Tosteson AN, et al. Design of the Spine Patient outcomes Research Trial
(SPORT). Spine 2002;27:1361-72.

Brazier J, Roberts J, Deverill M. The estimation of a preference-based measure of health from the SF-
36. J Health Econ 2002;21:271-92.

Hsiao WC, Braun P, Dunn D, Becker ER. Resource-based relative values. An overview. Jama
1988;260:2347-53.

Hsiao WC, Braun P, Dunn DL, et al. An overview of the development and refinement of the Resource-
Based Relative Value Scale. The foundation for reform of U.S. physician payment. Med Care
1992;30:NS1-N12.

Hsiao WC, Braun P, Becker ER, et al. Results and impacts of the Resource-Based Relative Value
Scale. Med Care 1992;30:NS61-79.

Rejeski WJ, Ettinger WH, Jr., Schumaker S, James P, Burns R, Elam JT. Assessing performance-
related disability in patients with knee osteoarthritis. Osteoarthritis Cartilage 1995;3:157-67.

Rejeski WJ, Ip EH, Marsh AP, Miller ME, Farmer DF. Measuring disability in older adults: the
International Classification System of Functioning, Disability and Health (ICF) framework. Geriatr
Gerontol Int 2008;8:48-54.

Rejeski WJ, Fielding RA, Blair SN, et al. The lifestyle interventions and independence for elders (LIFE)
pilot study: design and methods. Contemp Clin Trials 2005;26:141-54.

Ware JE, Sherbourne CD. The MOS 36-Item Short-Form Health Survey (SF-36): Conceptual
Framework. Med Care 1992;30:473-83.

Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey: Manual and Interpretation Guide.
Boston, Mass.: Nimrod Press; 1993.

Lotz JC, Cheal EJ, Hayes WC. Stress distributions within the proximal femur during gait and falls:
implications for osteoporotic fracture. Osteoporos Int 1995;5:252-61.

Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J of Gerontol: Med Sci
1995;50A:M28-34.

Hatch J, Gill-Body KM, Portney LG. Determinants of Balance Confidence in Community-Dwelling
Elderly People. PhysTher 2003;83:1072-9.

Petrella RJ, Payne M, Myers A, Overend T, Chesworth B. Physical function and fear of falling after hip
fracture rehabilitation in the elderly. Am J Phys Med Rehabil 2000;79:154-60.

Dipietro L, Caspersen CJ, Ostfeld AM, Nadel ER. A survey for assessing physical activity among older
adults. Med Sci Sports Exerc 1993;25:628-42.

Pescatello L, DiPietro L, Fargo A, Ostfeld A, Nadel E. The impact of physical activity and physical
fitness on health indicators among older adults. J Aging Phys Activity 1994;2:2-13.

Resnick B, Magaziner J, Orwig D, Zimmerman S. Evaluating the components of the Exercise Plus
Program: rationale, theory and implementation. Health Educ Res 2002;17:648-58.

Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsiveness in common
physical performance measures in older adults. J Am Geriatr Soc 2006;54:743-9.

PUSH Plus Protein Pilot Protocol version3.0 60



184. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance battery assessing lower
extremity function: Association with self-reported disability and prediction of mortality and nursing
home admission. J Gerontol: Med Sci 1994;49:M85-M94.

185. Guralnik JM, Seeman TE, Tinetti ME, Nevitt MC, Berkman LF. Validation and use of performance
measures of functioning in a non- disabled older population: MacArthur studies of successful aging.
Aging (Milano) 1994;6:410-9.

186. Guralnik JM, Ferrucci L, Pieper CF, et al. Lower extremity function and subsequent disability:
consistency across studies, predictive models, and value of gait speed alone compared with the short
physical performance battery. J Gerontol A Biol Sci Med Sci 2000;55:M221-31.

187. Radloff LS. The CES-D Scale: A self-report depression scale for research in the general population.
Appl Psychol Meas 1977;1:385-401.

188. Mossey JM, Knott K, Craik R. The effects of persistent depressive symptoms on hip fracture recovery. J
Gerontol 1990;45:M163-M8.

189. Zimmerman SI, Smith HD, Gruber-Baldini A, et al. Short-term persistent depression following hip
fracture: a risk factor and target to increase resilience in elderly people. Soc Work Res 1999;23:187-
96.

190. Sayetta RB, Johnson DP. Basic data on depressive symptomatology. United States, 1974-75. Vital
Health Stat 11 1980:i-v, 1-37.

191.  Weissman MM, Sholomskas D, Pottenger M, Prusoff BA, Locke BZ. Assessing depressive symptoms
in five psychiatric populations: a validation study. Am J Epidemiol 1977;106:203-14.

192. Kaiser MJ, Bauer JM, Ramsch C, et al. Validation of the Mini Nutritional Assessment short-form (MNA-
SF): a practical tool for identification of nutritional status. J Nutr Health Aging 2009;13:782-8.

193. Wells JL, Dumbrell AC. Nutrition and aging: assessment and treatment of compromised nutritional
status in frail elderly patients. Clin Interv Aging 2006;1:67-79.

194. Vellas B, Guigoz Y, Garry PJ, et al. The Mini Nutritional Assessment (MNA) and its use in grading the
nutritional state of elderly patients. Nutrition 1999;15:116-22.

195. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for undernutrition in geriatric
practice: developing the short-form mini-nutritional assessment (MNA-SF). The Journals of
GerontologySeries A, Biological Sciences and Medical Sciences 2001;56:M366-M72.

196. 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.

197. Scheier MF, Carver CS, Bridges MW. Distinguishing optimism from neuroticism (and trait anxiety, self-
mastery, and self-esteem): a reevaluation of the Life Orientation Test. J Pers Soc Psychol
1994;67:1063-78.

198. Smith BW, Dalen J, Wiggins K, Tooley E, Christopher P, Bernard J. The brief resilience scale:
assessing the ability to bounce back. Int J Behav Med 2008;15:194-200.

199. Gill TM, DiPietro L, Krumholz HM. Role of exercise stress testing and safety monitoring for older
persons starting an exercise program. JAMA 2000;284:342-9.

200. Haskell WL. The efficacy and safety of exercise programs in cardiac rehabilitation. Med Sci Sports
Exerc 1994;26:815-23.

201. Gordon NF, Kohl HW, Pollack ML, Vaandrager H, Gibbons LW, Blair SN. Cardiovascular safety of
maximal strength testing in healthy adults. Am J Cardiol 1995;76:851-3.

202. Wegner NK, Froelicher ES, Smith LK, et al. Cardiac Rehabilitation as Secondary Prevention. Clincial
Practice Guideline No. 17. Rockville, MD: US Dept of Health and Human Services, Public Health
Service, Agency for Health Care Policy and Research and the National Heart, Lung, and Blood
Institute; 1995.

203. Williams MA, Haskell WL, Ades PA, et al. Resistance exercise in individuals with and without
cardiovascular disease: 2007 update: a scientific statement from the American Heart Association
Council on Clinical Cardiology and Council on Nutrition, Physical Activity, and Metabolism. Circulation
2007;116:572-84.

204. Prior JC, Barr SI, Chow R, Faulkner RA. Prevention and management of osteoporosis: consensus
statements from the Scientific Advisory Board of the Osteoporosis Society of Canada 5. Physical
activity as therapy for osteoporosis. Can Med Assoc J 1996;155:940-4.

205. Wengstrom Y, Wahren LK, Grodzinsky E. Importance of dietary advice, nutritional supplements and
compliance for maintaining body weight and body fat after hip fracture. J Nutr Health Aging
2009;13:632-8.

PUSH Plus Protein Pilot Protocol version3.0 61



206.
207.

208.

209.

210.

211.
212.

213.

214.

215.

216.

Fleiss JL, ed. Statistical Methods for Rates and Proportions. New York: John Wiley; 1973.

Sato T, Matsuyama Y. Marginal structural models as a tool for standardization. Epidemiology
2003;14:680-6.

Liang KY, Zeger SL. Longitudinal data analysis using generalized linear models. Biometrika
1986;73:13-22.

Robins JM, Rotnitzky A, Zhao LP. Analysis of semiparametric regression models for repeated
outcomes in presence of missing data. J Am Stat Assoc 1995;90:106-21.

Cook NR, Cole SR, Hennekens CH. Use of a marginal structural model to determine the effect of
aspirin on cardiovascular mortality in the Physicians' Health Study. Am J Epidemiol 2002;155:1045-53.
O'Brien PC, Fleming TR. A multiple testing procedure for clinical trials. Biometrics 1979;35:549-56.
Hwang IK, Shih WJ, De Cani JS. Group sequential designs using a family of type | error probability
spending functions. Stat Med 1990;9:1439-45.

R Development Core Team. R: A language and environment for statistical computing, reference index
version 2.10.1. Vienna, Austria: R Foundation for Statistical Computing; 2005.

Fay MP, Halloran ME, Follmann DA. Accounting for variability in sample size estimation with
applications to nonadherence and estimation of variance and effect size. Biometrics 2007;63:465-74.
Shardell MD, ElI-Kamary SS. Calculating sample size for studies with expected all-or-none
nonadherence and selection bias. Biometrics 2009;65:635-9.

Willan AR, Chen EB, Cook RJ, Lin DY. Incremental net benefit in randomized clinical trials with quality-
adjusted survival. Stat Med 2003;22:353-62.

PUSH Plus Protein Pilot Protocol version3.0 62



