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A B S T R A C T   

Background: Older adults are at higher risk for cardiovascular disease and functional decline, often leading to 
deterioration and dependency. Cardiac rehabilitation (CR) provides opportunity to improve clinical and func-
tional recovery, yet participation in CR decreases with age. Modified Application of CR in Older Adults (MACRO) 
is a National Institute on Aging (NIA)-funded pragmatic trial that responds to this gap by aiming to increase 
enrollment of older adults into CR and improving functional outcomes. This article describes the methodology 
and novel features of the MACRO trial. 
Methods: Randomized, controlled trial of a coaching intervention (MACRO-I) vs. usual care for older adults (age 
≥ 70 years) eligible for CR after an incident cardiac hospitalization. MACRO-I incorporates innovations including 
holistic risk assessments, flexible CR format (i.e., helping patients to select a CR design that aligns with their 
personal risks and preferences), motivational prompts, nutritional emphasis, facilitated deprescription, enhanced 
education, and home visits. Key modifications were necessitated by the COVID-19 pandemic, including switching 
from a performance-based primary endpoint (Short Physical Performance Battery) to a patient-reported measure 
(Activity Measure for Post-Acute Care Computerized Adaptive Testing). Changes prompted by COVID-19 
maintain the original intent of the trial and provide key methodologic advantages. 
Conclusions: MACRO is exploring a novel individualized coaching intervention to better enable older patients to 
participate in CR. Due to COVID-19 many aspects of the MACRO protocol required modification, but the primary 
objective of the trial is maintained and the updated protocol will more effectively achieve the original goals of 
the study.   
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1. Introduction 

The US population aged 65 years and over will almost double be-
tween 2020 and 2050 [1]. As adults survive into old age, the biology and 
physiology associated with aging predisposes them to cardiovascular 
disease (CVD) in a context of high clinical complexity [2]. CVD preva-
lence increases from ~40% in men and women 40–59 years, to 70–75% 
in those 60–79, and to 79–86% in those aged ≥80 years [3]. Age-related 
CVD complexity stems from pervasiveness of comorbid diagnoses, 
frailty, cognitive decline, sensory deficits, incontinence, and associated 
sequelae of polypharmacy, falls, diminished adherence, poor quality of 
life, and suboptimal procedural outcomes [4]. While cardiac rehabili-
tation (CR) has been proven to benefit older adults who participate [5], 
only 24.4% of CR-eligible Medicare fee-for-services beneficiaries attend 
even a single session, and just 26.9% of those complete the full program 
[6]. Barriers to participation include the encumbering effects of geriatric 
conditions as well as logistical obstacles and lack of motivation amidst 
mounting health conditions and lifestyle limitations. 

Functional capacity also declines with age and disease, with addi-
tional risks of rehospitalizations, disability, and mortality among CVD 
patients. Exercise training and structured physical activity through CR 
are especially beneficial for older adults, as many tend to become 
sedentary long before the incident CVD event occurs, with decondi-
tioning that often then accelerates during incident hospitalizations. 
Overcoming exercise intolerance and fears associated with restarting 
activity are critical elements of successful recovery [7]. Contemporary 
CR also includes components of risk factor reduction, nutrition, lifestyle 
modifications, medication adherence, education, and stress relief to 
further advance clinical stability and well-being, which in turn can 
provide disproportionate benefit amidst the high mortality and 
morbidity risks of old age [8]. 

Given the compelling evidence for the value of CR as part of current- 
day CVD therapeutics, it has been elevated by the Centers for Disease 
Control and Prevention (CDC) as a healthcare priority. The CDC’s 
Million Hearts initiative to improve cardiovascular health targets 
enrollment of 70% of all eligible patients into CR by 2022 [9]. None-
theless, most older adults do not attend, and it remains unclear if CR 
implementation can be improved to enhance the incentive for and 
process of CR for the untreated majority. 

Modified Application of Cardiac Rehabilitation in Older Adults 
(MACRO; NCT03922529) is a pragmatic [10], randomized controlled 
trial (RCT) funded by the National Institute on Aging (NIA) that in-
vestigates the effectiveness of an intervention, MACRO-I, designed to 
increase participation of older adults in CR as a key means to reduce 
disability by improving their physical function. The overarching intent 
of the MACRO-I is to enhance the health and wellbeing of older adults by 
overcoming barriers to CR participation and by broadening the scope of 
CR to address distinctive (and relevant) geriatric challenges. In this 
paper, we describe the original MACRO clinical trial designed pre- 
COVID, and modifications for the trial and MACRO-I delivery necessi-
tated by the COVID-19 pandemic. 

2. Original design and methods 

2.1. Design 

Adults aged ≥70 years are randomized to a MACRO intervention 
(MACRO-I) versus usual care. MACRO-I is a person-centered coaching 
intervention to facilitate CR. Coaching incorporates innovative tech-
niques to better align CR with the priorities and capacities of eligible 
older adults. These innovations (explained below) include holistic risk 
assessments, flexible conceptualization of the CR format (i.e., choosing a 
CR design that responds to each patient’s risks and preferences), moti-
vational prompts, nutritional emphasis, facilitated deprescription, 
enhanced education, and integrated home visits. 

2.2. Specific aims 

Aim 1 of MACRO is to establish effectiveness, safety and accept-
ability of MACRO-I versus usual care, with the hypothesis that patients 
randomized to MACRO-I would achieve greater improvements in func-
tion. The primary outcome is the change in the Short Physical Perfor-
mance Battery (SPPB) [11] from baseline to 3 months, with lower scores 
indicating more severe functional impairment. Complementary perfor-
mance and self-reported functional measures are also assessed to more 
fully characterize physical and cognitive function. 

Aim 2 of MACRO is to demonstrate the sustainability of the func-
tional benefits of the MACRO-I at 6 and 12 months. Aim 3 is exploratory 
and aims to delineate characteristics of patients who benefit the most 
from MACRO-I. It is hypothesized that patients who are relatively more 
burdened by frailty, multimorbidity and other vulnerabilities of age may 
benefit more than patients who are relatively robust and/or less clini-
cally complex. 

2.3. Recruitment procedures 

Eligibility for MACRO includes hospitalization for coronary heart 
disease (CHD), acute myocardial infarction (AMI), coronary artery 
revascularization (PCI or CABG), heart failure with reduced or preserved 
ejection fraction (HFrEF or HFpEF), valve repair or replacement (sur-
gical or transcatheter), or heart transplant. The enrollment window to 
MACRO is up to 10 days after the incident event, with the intent to 
initiate the MACRO-I promptly (for those in the intervention arm) to 
mitigate hospital-related functional decline and disability [12]. 

Potential participants are pre-screened daily through inpatient re-
cords to assess for eligible diagnoses and absence of contraindications. 
Candidate participants are approached while inpatient, at a follow-up 
visit, by phone, and/or by letter after discharge. Study personnel 
describe the study to the patient. The Short Blessed test [13] is used to 
screen for dementia. Patients with severe cognitive impairment (i.e., 
diagnosis of dementia in the medical record or Short Blessed ≥13), 
unstable medical conditions, life expectancy less than 12 months, 
residing in a long-term care living situation prior to the time of hospi-
talization (with no plans to return to independent living after the hos-
pitalization), or inability or unwillingness to consent are excluded. The 
consent process varies according to each hospital’s governance. At the 
VA Pittsburgh Healthcare System, consent is obtained either in person 
on hard copy forms or over the phone. At Barnes-Jewish, Missouri 
Baptist, and Shadyside Hospitals, consent is obtained either in person or 
by mail on hard copy forms, or by electronic consent. 

MACRO is approved by the Institutional Review Boards at the Uni-
versity of Pittsburgh, Veterans Affairs Pittsburgh Medical Center, and 
the Washington University School of Medicine, and all participants 
provide written informed consent. 

2.4. Participants, recruitment, randomization 

Based on the SPPB, the original MACRO study enrollment goal is 480 
participants, which yields 80% statistical power to detect a between 
treatment arm difference of 0.77 point in SPPB with a two-tailed α =
0.05, assuming a retention rate of 80% and a standard deviation of 2.7 
for SPPB change [14–18]. This corresponds to a moderate effect size. 
Randomization is stratified by site and baseline SPPB score (i.e., 0–6, 
7–9 or 10–12) to ensure a balance between the treatment groups with 
respect to the baseline value of the primary outcome. 

Enrollees are randomized to MACRO-I or usual care in a 1:1 ratio 
using a blocked scheme with random block size. All patients are eligible 
for CR as determined by their physicians, but CR is facilitated by 
coaching only in the MACRO-I arm. MACRO-I coaches supplement care 
to increase the accessibility, sustainability and patient-centeredness of 
CR such that it may become more available and pragmatic for eligible 
older patients. 
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2.5. MACRO intervention 

MACRO-I coaches first meet study patients during the incident hos-
pitalization when deemed stable by their medical teams. MACRO-I 
coaches follow these participants daily while they are still hospital-
ized. Coaches ensure that inpatient CR (phase I) is ordered and also 
provide additional supportive coaching. 

MACRO-I innovations include novel holistic risk assessments that 
link functional and psychosocial risks to risks from CVD. This perspec-
tive is used to guide recommendations for different formats of outpatient 
CR, i.e., site-based, remote-based (aka home-based), or hybrid CR (site- 
based that transitions to remote-based). For holistic risk assessment, 
details of the patient’s current illness, past medical history, physical 
functional assessment at baseline (e.g., gait speed [19], SPPB score, grip 
strength) [20], and psychosocial factors assessed at baseline (e.g., 
Readiness to Change [21], Patient Health Questionnaire [PHQ]-9 [22] 
score) are integrated with one another. Table 1 shows the elements 
incorporated into the holistic risk assessment. This risk assessment is 
used to enrich the rationale for CR, and to inform the coach’s patient- 
specific recommendations for site-based, remote-based or hybrid- 
based approaches to CR. High risk in any category increases consider-
ation for site-based or hybrid CR, as it may provide greater supervision 
and support. However, if high-risk patients still prefer remote-based CR, 
risk assessment provides opportunity to develop pragmatic approaches 
that specifically mitigate CVD and non-CVD dangers. 

MACRO-I innovations also include flexible conceptualization of CR. 

Whereas most hospital systems promote their own CR programs, there 
are significant differences between programs (e.g., site-based versus 
remote-based, but also intensive CR and other variations) and some 
programs are better suited to some patients than others. MACRO-I 
coaches conceptualize CR more broadly, and suggest formats that best 
match each patient’s risk profile and preferences. Site-, remote-, and 
hybrid-based CR formats are all described and potentially facilitated. 
The MACRO-I coach explains how different formats of CR may better 
align with each patient’s health risks and preferences, and includes is-
sues of logistics, costs, and the home environment. A patient prone to fall 
risks may, for example, benefit most by starting with site-based CR, with 
the plan to prioritize learning chair-based exercises such that (s)he can 
then transition safely and effectively to remote-based CR. Regardless of 
which type of CR program the patient selects, the MACRO-I coach serves 
as a common denominator to supplement each patient’s experience with 
feedback and reinforcement to best ensure that (s)he derives a 
personally-centered experience from CR that helps him/her recover. 

MACRO-I enhances motivation for CR by applying each patient’s 
goals of care as an important motivational stimulus. To clarify these 
goals of care, the MACRO-I coach uses a standardized goals assessment 
process wherein (s)he displays a series of images that convey a broad 
range of life-goal choices. Once each patient’s goals are identified, the 
MACRO-I coach applies them with the premise that CR is the principal 
means for goal attainment. This goals assessment technique was adapted 
from Enhanced Medical Rehabilitation (E-MR) developed by Lenze et al. 
[23] 

Table 1 
Pre-COVID MACRO risk stratification.  

Medical Criteria Functional Criteria Psychosocial Criteria 

CVD based on medical record Risk based on baseline assessments Risk based on baseline assessments 

High Risk   

• LVEF<40%  
• s/p cardiac arrest or sudden death  
• Complex ventricular dysrhythmias (ventricular tachycardia, frequent [> 6/ 

min] multiform PVCs)  
• s/p MI without revascularization  
• s/p MI or cardiac surgery complicated by cardiogenic shock  
• Heart Transplant, left ventricular assist device  
• Signs/symptoms including angina pectoris, dizziness, lightheadedness or 

dyspnea  
• Moderate to high valvular heart disease  
• Severe pulmonary hypertension (PAP ≥50 mmHg)  
• Five or more comorbidities that confound CVD management  
• Presence of ≥4 FRIDs* 

High Risk   

• SPPB ≤4  
• Gait speed <0.8 m/s  
• Grip strength <10 kg  
• Functional capacity <3 METs†

• Significant falling history      

High Risk   

• Readiness to change: Precontemplation  
• Mood: PHQ >10 or response >0 for question 9  
• Cognition: Short Blessed 10+
• Literacy: REALM <4       

Moderate Risk   

• LVEF = 40–49%  
• MI with PCI - Incomplete revascularization  
• MI with CABG - Incomplete revascularization  
• Elective PCI/Stent/PTCA – Incomplete revascularization  
• Elective CABG – Incomplete revascularization  
• Presence of 2-3 FRIDs* 

Moderate Risk   

• SPPB 5–7  
• Gait speed 0.8–1.0 m/s  
• Grip strength 10–14.5 kg  
• Approximate functional capacity level 

3–5 METs†

Moderate Risk   

• Readiness to change: Contemplation  
• Mood: PHQ-9 6–10  
• Cognition: Short Blessed 5–9  
• Literacy: REALM 4–6 

Low Risk   

• LVEF≥50%  
• No evidence of arrhythmia  
• MI with PCI - Complete revascularization  
• MI with CABG - Complete revascularization  
• Elective PCI/Stent/PTCA – Complete revascularization  
• Elective CABG – Complete revascularization  
• Absence of symptoms or signs of HF or ischemia  
• Normal hemodynamics and ECG  
• Presence of ≤1 FRIDs* 

Low Risk   

• SPPB ≥8  
• Gait speed >1.0 m/s  
• Grip strength >14.5 kg  
• Approximate function level > 5 METS†

Low Risk   

• Readiness to change: Preparation, Action, and 
Maintenance  

• Mood: PHQ-9 < 6  
• Cognition: Short blessed 0–4  
• Literacy: REALM ≥7 

LVEF-Left ventricular ejection fraction; MI-myocardial infaction; PCI-percutaneous coronary intervention; CABG-coronary artery bypass grafting surgery; PTCA- 
percutaneous transluminal coronary angioplasty; ECG-electrocardiogram; FRIDs-Fall risk-increasing drugs; SPPB-Short Physical Performance Battery; METs- 
metabolic equivalents; PHQ-Patient Health Questionnaire; REALM-Rapid Estimate of Adult Literacy in Medicine. 

* FRIDs: Fall risk-increasing drugs (includes: opioids, antipsychotics [lithium excluded], anxiolytics, hypnotics and sedatives, antidepressants, vasodilators used in 
cardiac disease, antihypertensives, and dopaminergic agents). 

† Estimate of METs is based on the Duke Activity Status Index. 
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Coaches also employ novel approaches to nutrition, education, and 
deprescription of sedating medications. MACRO-I coaches ensure that 
referral to dietary assessment and education is achieved irrespective of 
the CR format and whether or not a nutritionist is part of the patient’s CR 
program. In contrast to standard precepts of dietary restrictions in most 
cardiac programs, MACRO-I coaches encourage sufficient caloric intake 
for patients prone to sarcopenia, frailty and malnutrition. 

To enhance education, MACRO-I transition resources were devel-
oped and are utilized by the coaches both during the inpatient and the 
immediate post-hospitalization phases of care. MACRO-I transition 
educational booklets are disease-specific (e.g., MI, PCI, CABG, HF) and 
concise to provide basic information about the event that occurred, es-
sentials of therapeutics, and the utility of CR as part of recovery. The 
transition documents highlight the centrality of CR in recovery, with 
language, font, and pictures designed for an older population. 

MACRO-I includes deprescription as a means to augment functional 
recovery [24,25]. MACRO-I coaches identify benzodiazepines and 
anticholinergic/antihistamine medications, as these drug classes pre-
dispose to fatigue, falls, poor functional recovery, and other risks in an 
older population and are considered potentially inappropriate [26]. 
Medical regimens in these patients are then reviewed by a MACRO-I 
geriatric psychiatrist and/or a pharmacist with deprescribing exper-
tise. If the participant and the PCP both agree, deprescription guidance 
is provided by the MACRO experts (i.e., benzodiazepines and anticho-
linergics are usually tapered slowly, decreased ~25% every two weeks). 
MACRO-I coaches also provide follow-up with the patient to identify 
potential adverse effects of deprescribing. Whereas co-I Dr. Lenze brings 

distinctive expertise to refine deprescription in this research protocol 
[27] based on his prior research efforts, ultimately MACRO aims to 
refine the role of a pharmacist as a more practical and generalizable 
deprescription staffing model. 

In MACRO-I, the safety and organization of the home environment 
are regarded as important aspects of recovery. The MACRO-I coach 
provides two home visits, at one and four weeks after enrollment, with a 
primary objective to ensure that exercise training can be completed 
safely and effectively. At home visit 1, the MACRO-I coach emphasizes 
safety of the home environment for function and exercise and goals of 
care. The criteria of assessment and recommendations were adapted for 
the MACRO-I from Chiu et al.’s Safer-Home [28] checklist. At home visit 
2, the MACRO-I coach confirms the success of changes made to improve 
the environment or takes steps to mitigate residual barriers. Home as-
sessments occur irrespective of enrollment into or type of CR. 

MACRO-I coaches follow patients by telephone after discharge with 
weekly calls for 3 months and monthly calls for the subsequent 9 
months. Phone calls last 30–60 min and, in addition to continuing with 
the innovative elements (physical activity, motivation, nutrition, edu-
cation, and deprescription), the coaches also specifically review the 
patient’s overall health course and symptoms since the prior call and 
their adherence to medications, activity, dietary recommendations, and 
CR participation, and address lapses, with the goal to achieve solutions. 
Coaches follow the MACRO-I patients whether or not they enroll in CR. 

2.6. Usual care 

Patients randomized to usual care receive standard care for the 
hospital in which they are treated. Patients are eligible to receive all 

Fig. 1. In the Modified Application of Cardiac Rehabilitation in Older Adults (MACRO) Trial, participants are randomized between a MACRO-intervention versus 
Usual Care. Whereas Usual Care may include cardiac rehabilitation, relatively few eligible adults participate. The MACRO-I both facilitates CR enrollment and 
enriches the CR process of care, and endpoints comparing MACRO-I and Usual Care are oriented primarily to improved physical and cognitive function. 
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treatments, including CR, as prescribed by their medical team, but they 
do not receive the MACRO-I. While CR is an indicated therapy for CVD, 
implementation is inconsistent. 

2.7. Assessments 

Assessments for MACRO-I and usual care study patients are 
completed at baseline, 3, 6 and 12 months (Fig. 1). The SPPB is a 
composite of balance, gait speed, and strength that correlates directly 
with capacity for independent living in older adults. Poor function 
measured with the SPPB is a harbinger of eroding independence and 
institutionalization, as well as poor quality of life, increased hospitali-
zations, and increased mortality in older populations [11,29]. Using the 
SPPB as the primary outcome of interest contrasts with most prior CR 
trials that tend to focus principally on cardiorespiratory fitness 
measured as peak oxygen uptake (VO2) and/or 6-min walk distance 
[30]. Nobably, SPPB was used in the recently published REHAB-HF Trial 
[31]. 

Assessments complementary to SPPB include performance metrics 
(grip strength [32] and accelerometry [33]) and patient-reported eval-
uations (Duke Activity Status Index [DASI] [34] and Activity Measure 
for Post-Acute Care with Computerized Adaptive Testing [AM-PAC- 
CAT]) [35]. The DASI questionnaire is used to quantify each partici-
pant’s self-report of function immediately prior to their incident cardiac 
event or hospitalization and to also provide an estimate of cardiorespi-
ratory fitness. The AM-PAC-CAT is used to quantify basic patient- 
reported daily activities using a scoring system. The initial assessment 
of the AM-PAC-CAT is collected one week after discharge to quantify 
post-event daily activity. 

Other MACRO assessments include frailty (Survey of Health, Ageing 
and Retirement in Europe-Frailty Index [SHARE-FI]) [36]; cognition 
(Trails A&B [37] and Brief Test of Adult Cognition by Telephone 
[BTACT]) [38]; mood (Patient Health Questionnaire [PHQ-9]) [22]; 
quality of life (Veterans RAND 12 Item Health Survey [VR-12]) [39]; 
cardiac self-efficacy [40]; literacy (Rapid Estimate of Adult Literacy in 
Medicine [REALM]) [41]; and Readiness for change [21]. Other evalu-
ations include diet (Rate Your Plate [42] and 3-day food diary), as well 
as comprehensive assessments of medications, comorbidities, hospital-
izations and CR participation. Stringent methods for fidelity of assess-
ments and quality control are maintained. We plan a multivariable 
analysis that takes into account pre-randomization covariates, multiple 
post-randomization time points, potential for intervention effect to vary 
at different follow-up time points, multiple follow-up assessments over 
time from each participant and the resulting stochastic non- 
independence of observations. In addition, we plan to employ multiple 
imputation to mitigate any biases potentially arising from missing data. 

Data from all enrolling sites are stored in a common REDCap data-
base provided through University of Pittsburgh. An independent Data 
and Safety Monitoring Board approved the MACRO study protocol and 
meets regularly with the study investigators to ensure safety and 
appropriateness of the study procedures, and to monitor the progress of 
the study. 

3. MACRO during COVID 

COVID profoundly disrupted the original MACRO protocol because 
face-to-face engagements were no longer feasible. Thus, methods had to 
change to be practical and safe in a pandemic environment. Per Data and 
Safety and Monitoring Board (DSMB) decision, all 43 study patients who 
enrolled in the trial before March 2020 were released. The MACRO in-
vestigators were challenged to modify process without undercutting the 
essence of the original aims and the embedded innovation. A related 
challenge was the need to develop remote or virtual alternative ap-
proaches that were safe, feasible and effective for an older adult popu-
lation that is inherently prone to geriatric syndromes (e.g., mild 
cognitive impairments, sensory limitations, movement disorders and 

multimorbidity) and related technology limitations that may preclude 
computer- and app-based strategies. Therefore, the decision was made to 
revise the MACRO protocol and re-start the trial using assessments that 
could be achieved entirely by telephone, since all MACRO candidates 
had access and capacity to use a telephone. Furthermore, a related de-
cision was made that all telephone-based evaluations be limited to one 
hour in total, as brevity was deemed essential for participants who were 
also prone to fatigue and inattention. Given these major constraints in 
format and time, considerable revision and paring of the pre-COVID 
protocol was essential. All modifications to the MACRO protocol were 
reviewed and approved by the DSMB. 

Overall, the updated MACRO protocol responds to the COVID 
pandemic, but still remains an RCT of older adults with CVD, aiming to 
increase physical function by facilitating the use of CR. While the in-
clusion and exclusion criteria are the same, the window of eligibility 
expanded to 24 days initially, and then to 90 days to increase flexibility 
and time, given the more limited access to patients on the hospital wards 
during COVID. Nonetheless, it is a priority to enroll patients into 
MACRO as close as possible to their incident events to activate MACRO-I 
expeditiously for those randomized to the intervention arm. 

While the aims of the updated MACRO protocol did not change, the 
use of the SPPB performance measure as a primary endpoint was no 
longer feasible, as it was neither safe nor reliable to administer remotely. 
In contrast, the AM-PAC-CAT Basic Mobility Scale and Daily Activity 
domains in the original assessment battery could still be assessed at 
baseline, 3, 6, and 12 months. Change in AM-PAC-CAT Basic Mobility 
Scale from baseline to 3 months was selected to replace SPPB as the 
primary outcome. 

AM-PAC-CAT has been used mostly by physical and occupational 
therapists when assessing patients with medical, orthopedic, and 
neurologic impairments, and it has not previously been applied to CR 
interventions. The Basic Mobility and the Daily Activity Domains use 
specific subsets of AM-PAC-CAT criteria to characterize categories of 
function. The Basic Mobility Scale quantifies basic movement and 
physical functioning activities, such as bending, walking, carrying, and 
climbing stairs. The Daily Activity domain quantifies difficulty of daily 
activities (reaching, dressing, turning locks, opening jars). The computer 
adaptive technology (CAT) selects items that correspond to the partici-
pant’s previous responses, thereby reducing the number of total ques-
tions while increasing the test’s sensitivity and validity [43]. Whereas 
the AM-PAC Basic Mobility Domain draws on 101 potential criteria to 
assess capacity, with CAT, the selection narrows to about a dozen, and 
the assessment can usually be completed in less than 2 min. Although 
the CAT relies on a computer interface, the computer is used only by the 
investigator administering the test, with no technological demands on 
the participant. 

AM-PAC-CAT is reliable for a wide range of patient capacities and 
provides high capacity to discriminate change [35]. Assuming a stan-
dard deviation of 7.97 for the baseline to follow-up change in AM-PAC- 
CAT Basic Mobility Scale [35] and a minimally clinically important 
difference based on minimum detectable change of 2.60 points [35], a 
sample size of 374 was calculated as adequate to retain the same level of 
statistical power as the original protocol. Moreover, to improve flexi-
bility when the would-be trajectory of the pandemic was unknown, 
randomization in the updated protocol is now stratified only by the 
enrolling site. 

Despite the novel attributes of AM-PAC-CAT, a patient-reported 
index still provides less reliability than a performance measure [44]. 
Therefore, in the updated protocol, accelerometry is also prioritized as a 
complementary performance measure (secondary endpoint). Acceler-
ometers are watch-like devices that record the frequency and intensity of 
movements throughout the day as an objective measure of physical 
activity patterns. Prior studies have shown that participants with 
cognitive and physical challenges can use them reliably. Accelerometers 
are mailed to participants and returned via mail after 7 full days of wear 
time. A novel accelerometry index of gait acceleration has been shown 
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to correlate with the SPPB [45] and is being computed from the raw 
accelerometer data collected at 80 hz using an ActiGraph Link device 
(GT9X, ActiGraph, LLC, Pensacola, FL) on the non-dominant wrist. 
Cadence (steps-per-second) will also be extracted from the free-living 
raw accelerometry signals and evaluated as another objective indica-
tor of physical performance [46]. 

In addition to AM-PAC-CAT, the updated protocol includes as many 
components of the original protocol as possible within a one-hour 
constraint for composite evaluations at baseline, 3, 6 and 12 months 
(Table 2). The DASI, VR-12, PHQ-9, Readiness for change, and cardiac 
self-efficacy assessment questionnaires are all amenable to remote 
administration and are also part of the updated protocol. Similarly, the 
Short Blessed cognition assessment tool ≥13 is still being used remotely 
to screen patients for severe cognitive impairment, but the additional 
assessments of cognitive function that had been used in the pre-COVID 
MACRO protocol are not feasible in respect to remote administration 
(Trails A&B) and length (BTACT), and are no longer being used. Like-
wise, the pre-COVID assessment of frailty utilizing the SHARE-FI tool 
depended on grip strength assessments that are now only optional (i.e., 
deferred until deemed practical in respect to COVID safety concerns); 
therefore, the Morley Frail scale has replaced the SHARE-FI. REALM 
literacy assessments also require face-to-face interaction and are now 
optional. 

Nutrition assessments using the Rate your Plate questionnaire and 3- 
day food diaries proved to be too cumbersome and impractical to 
administer remotely. The Rapid Eating Assessment for Participants – 
shortened version (REAP-S) [47] has been added as a shorter and more 
practical tool in the updated protocol. 

4. Preserving the MACRO-I coaching innovations during COVID 

While face-to-face interactions with inpatients became less certain 
amidst fluctuations in prevailing COVID prevalence and risk, the 
MACRO-I coaches now meet with patients in the hospital when feasible 
and by telephone when in-person contact is not feasible. The key prin-
ciples of innovation that enrich MACRO-I coaching were adapted for 
virtual administration.  

1. Holistic risk assessment. Risk assessments are still completed by 
MACRO-I coaches, but functional risk stratification based on the 
SPPB, gait speed, and grip strength is no longer feasible. Therefore, 
the revised MACRO protocol integrates AM-PAC-CAT as the primary 
index for functional risk determination (i.e., AM-PAC-CAT <34 for 
high risk, 34–52 for moderate risk, and > 52 for low risk). Most other 
elements used to categorize medical and psychosocial risks remain 
accessible from the medical record and phone-based assessments (i. 
e., DASI, Readiness for Change, PHQ, Short Blessed). Only literacy 
had to be removed as a risk criterion, as the REALM assessment re-
quires face-to-face engagement. 

2. Flexible conceptualization of CR. MACRO-I coaches still align CR for-
mats with each patient’s circumstances and preferences. Yet amidst 
COVID, concerns regarding infectivity often dominate preference for 
CR care format. As a pragmatic trial, MACRO incorporates the shift in 
site-based CR availability dictated by the pandemic, which has 
decreased, while remote-based options have escalated. Whichever 
CR program the patients utilize, the MACRO-I coaches continue to 
follow them regularly.  

3. Goals of Care as a motivational prompt: While CR is still applied as a 
means for goal attainment, MACRO-I coaches now use specific 
phrases instead of images to identify life-goal choices. Using meth-
odology that the coaching team standardized and rehearsed, this 
virtual approach to goal clarification was practiced and refined. 

MACRO-I coaching also includes most other innovation elements as 
previously described. Emphasis on transitions, nutrition, and education 
are all especially topical during the prevailing circumstances of a 
pandemic. Implementation of deprescription of benzodiazepine and 
anti-cholinergic medications continue as previously described. 

A key change in the updated protocol pertains to the home visits in 
the MACRO-I. Home visits remain curtailed until COVID risks have been 
sufficiently mitigated. In lieu of home visits, a Centers for Disease 
Control and Prevention checklist [48] is offered to MACRO-I partici-
pants, and they are encouraged to review it for home safety. MACRO-I 
patients are also asked if they have ever had a home visit from clinical 
services and made any changes to best attain successful aging in place. 
These options are encouraged if they can be achieved safely amidst 
COVID risks. 

5. Net effect of COVID on MACRO 

The COVID pandemic placed enormous pressure on the MACRO 
study team to pivot midway through a trial to preserve the essence of the 
protocol while avoiding the hazards of the virus. 

MACRO started as a 2-site study. Original recruitment extended over 
30 months (11/2019 to 4/2022) and aimed to recruit 16 subjects per 
month and achieve 12 months of follow-up for 480 participants. Post- 
COVID MACRO expanded to include 2 additional sites: i.e., Shadyside 
Hospital in Pittsburgh, and Missouri Baptist Hospital in St Louis. The 
post-COVID MACRO has a 27-month recruitment window (Oct 2020- 
Dec 2022) and aims to recruit 14 patients per month and achieve 12 
months of follow-up for 374 participants. Assessments for the MACRO 
intervention and Usual Care study participants in the original and post- 
COVID protocols are completed at baseline, 3, 6 and 12 months. A 
current study status diagram (Fig. 2) hightlights the success of post- 
COVID MACRO progress. 

In some respects, the restrictions imposed by COVID served to 
exacerbate logistical challenges already inherent to many older adults 
with CVD. Limited access to providers and hospitals, limited commu-
nication, and the propensity to social isolation are common barriers of 
older CVD patients struggling with frailty, cognitive decline, and other 
debilitating factors, and are only compounded by the pandemic. 
Therefore, the challenge to overcome barriers attributable to COVID also 
helped to overcome barriers related to geriatric conditions. Further-
more, COVID has catalyzed increased reliance on virtual approaches to 

Table 2 
Assessments pre- and during COVID-19.  

Assessment Original COVID- 
19 

Short Physical Performance Battery (SPPB)* ✓ ✓‡

Activity Measure for Post-Acute Care with Computerized 
Adaptive Testing (AM-PAC-CAT); Basic Mobility Domain†

✓ ✓ 

AM-PAC-CAT; Daily Living Domain ✓ ✓ 
Grip Strength ✓ ✓‡

Accelerometry ✓ ✓ 
Short Blessed ✓ ✓ 
Brief Test of Adult Cognition by Telephone (BTACT) ✓  
Trails A&B ✓  
Patient Health Questionnaire (PHQ9) ✓ ✓ 
Rapid Estimate of Adult Literacy in Medicine (REALM) ✓ ✓‡

Frailty: Survey of Healthy, Aging and Retirement in Europe- 
Frailty Index (SHARE-FI) 

✓  

Morley Frail Scale  ✓ 
Duke Activity Status Index (DASI) ✓ ✓ 
Readiness for Change ✓ ✓ 
Home Assessment (based on Safer-Home) ✓  
Self-Efficacy ✓ ✓ 
Veterans RAND 12 Item Health Survey (VR-12) ✓ ✓ 
Rate Your Plate ✓  
3-day food diary ✓  
Rapid Eating Assessment for Participants (REAP-S)  ✓ 
Medications ✓ ✓ 
Comorbidities ✓ ✓  

* Original primary outcome measure. 
† New primary outcome measure in revised protocol. 
‡ Optional assessment contingent on COVID-19 risk. 
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care that are likely to continue even after current infectious risks have 
diminished [49]. It is anticipated that MACRO-I will serve as a model for 
assessment and manangement for future therapeutics and trials. 

Thus, not only does the updated protocol enable safe resumption of 
the trial despite COVID, but it enables the study team to better recruit 
candidates who were previously unable to carry out the travel and lo-
gistic demands required for the endpoint assessments. MACRO recruit-
ment now extends to a more diverse pool of candidates who are more 
willing and able to participate using the abbreviated telephone-based 
format, including many who are relatively more frail as well as many 
who live in more remote locations. Likewise, recruitment has been 
expanded to multiple new sites. 

6. Summary 

In summary, MACRO is an innovative, multi-center NIA-funded trial 
that seeks to transform the concept of CR by integrating an enriched 
coaching model into the current paradigm of care using greater flexi-
bility in CR models to better enable each patient to participate in a CR 
program that is responsive to their personal needs and preferences. After 
the successful launch of MACRO, COVID had an overwhelming impact 
that necessitated modifying the protocol and starting anew. Whereas 
many aspects of the trial methods had to be modified, the investigative 
team believes that the updated protocol is in many respects superior and 
will more effectively achieve the original goals of the trial. 
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