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A B S T R A C T   

Introduction: Although as many as 75% of the > 2 million annual intensive care unit (ICU) survivors experience 
symptoms of psychological distress that persist for months to years, few therapies exist that target their 
symptoms and accommodate their unique needs. In response, we developed LIFT, a mobile app-based mind
fulness intervention. LIFT reduced distress symptoms more than either a telephone-based mindfulness program 
or education control in a pilot randomized clinical trial (LIFT1). 
Objective: To describe the methods of a factorial experimental clinical trial (LIFT2) being conducted to aid in the 
development and implementation of the version of the LIFT intervention that is optimized across domains of 
effect, feasibility, scalability, and costs. 
Methods and analysis: The LIFT2 study is an optimization trial conceptualized as a component of a larger mul
tiphase optimization strategy (MOST) project. The goal of LIFT2 is to use a 2 × 2 × 2 factorial experimental trial 
involving 152 patients to determine the ideal components of the LIFT mobile mindfulness program for ICU 
survivors across factors including (1) study introduction by call from a therapist vs. app only, (2) response to 
persistent or worsening symptoms over time by therapist vs. app only, and (3) high dose vs. low dose. The 
primary trial outcome is change in depression symptoms 1 month from randomization measured by the PHQ-9 
instrument. Secondary outcomes include anxiety, post-traumatic stress disorder, and physical symptoms; mea
sures of feasibility, acceptability, and usability; as well as themes assessed through qualitative analysis of semi- 
structured interviews with study participants conducted after follow up completion. We will use general linear 
models to compare outcomes across the main effects and interactions of the factors.   
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1. Introduction 

As survival has improved for the 2 million people with cardior
espiratory failure managed annually in US intensive care units (ICUs), it 
has become apparent that these patients suffer from severe and per
sistent post-discharge symptoms of psychological distress including 
depression, anxiety, and post-traumatic stress disorder (PTSD). 
However, few targeted interventions exist that are relevant to patients' 
experiences and that accommodate their many physical, social, and 
financial barriers to personalized care. 

Mindfulness is a practice of non-judgmental awareness that can al
leviate distress by uncoupling emotional reactions and habitual beha
vior from unpleasant symptoms, thoughts, and emotions [1,2]. Stan
dard mindfulness training, typically provided face to face in group 
settings, has proven efficacious in improving psychological distress in 
various patient populations [3,4]. However, in-person therapy is in
feasible for the many ICU survivors with new disabilities, financial 
distress, and great distance from referral centers [5]. 

Therefore, we developed a telephone-delivered mindfulness-based 
training program for ICU survivors called LIFT and found that it was 
associated with improved symptoms of depression, anxiety, and PTSD 
in an uncontrolled pilot evaluation [6]. Next, we adapted the LIFT 
program to a self-directed mobile mindfulness training app to overcome 
the inconvenience of scheduled weekly telephone sessions, and then 
compared it to telephone-based mindfulness and an education control 
in a pilot randomized controlled trial (LIFT1) [7]. This trial provided 
compelling evidence for the mobile mindfulness app's feasibility, ad
herence, retention, and clinically meaningful and comparatively greater 
impact on depression, anxiety, and physical symptoms compared to 
both telephone-based Lift content as well as a critical illness-themed 
education control. It also showed how the LIFT program could be im
proved further by better targeting a population more likely to respond 
(and less likely to drop out), improving the app's delivery of content 
through a variety of media formats (video, audio, text, interactive ex
ercises), and automating features to improve user engagement such as 
individualizing content in response to participant symptoms over time. 

Having addressed these gaps, we are now initiating a 2 × 2 × 2 
factorial clinical trial (LIFT2) that is conceptualized as the Optimization 
Phase within the multiphase optimization strategy (MOST) framework. 
Through this trial, we will optimize mobile mindfulness by assessing 
three intervention components and their interactions among 152 car
diorespiratory failure survivors with high levels of psychological dis
tress just after hospital discharge. At the conclusion of this trial, we will 
deliver a mobile mindfulness system fully optimized for usability, effi
ciency, scalability, and clinical impact that will be off-the-shelf ready 
for a next-step definitive RCT (LIFT3)—and can serve as a model for 
distance-based mind and body interventions. 

In this manuscript, we describe the factorial clinical trial's design, 
methods, and planned analyses. 

2. Materials and methods 

2.1. Study objective 

The overall objective of the LIFT2 trial is to optimize the mobile 
mindfulness training intervention (i.e., LIFT) by identifying which 
components contribute most meaningfully to feasibility, usability, and 
clinical impact on symptoms of psychological distress assessed over a 3- 
month follow up period. Fig. 1 demonstrates an overview of past, 
current, and proposed future work on the LIFT intervention. 

2.2. Study design 

This is a prospective 3-factor factorial experimental trial with 3- 
month follow up conducted among survivors of cardiorespiratory 
failure managed in adult intensive care units (ICUs) at three health 

systems across the United States. The trial uses the MOST methodolo
gical framework [8]. Specifically, as part of the optimization phase of 
MOST, are employing a factorial randomized trial to optimize con
straints of feasibility, usability, and impact [9]. In this trial, all parti
cipants will receive some version of LIFT; there will be no control 
comparator. Table 1 and Fig. 2 demonstrate the 8 conditions tested in 
this 2 × 2 × 2 trial. Data are collected at the time participants return 
home from the hospital (Time 1 [T1]; also the time of randomization), 
1 month post-randomization (Time 2 [T2]), and 3 months post-rando
mization (Time 3 [T3]). 

2.3. Study sites 

This study is being conducted at 3 health systems including Duke 
University (includes the Duke Medical Center [Clinical and Data 
Coordinating Center] and Duke Regional Community Hospital) in 
Durham, NC; the University of Washington / Harborview Medical 
Center in Seattle; and the University of Colorado in Denver. 

2.4. Participant eligibility 

We aim to randomize 152 participants to ensure that 120 complete 
the 1-month follow up. Given their recent critical illness, patients' ex
pected physical health status will initially be moderately poor, though 
the expectation for recovery will be relatively favorable. Cognition 
must be intact for participation, however, and will be expected to be 
normal at the time we approach patients for informed consent. 

2.4.1. Inclusion criteria 
The inclusion criteria shown in Table 2 are designed to identify 

adults treated in an ICU for cardiorespiratory failure who are at high 
risk of having persistent psychological distress after hospital discharge. 

2.4.2. Exclusion criteria 
The criteria shown in Table 2 are designed to exclude those likely to 

Fig. 1. Orientation of the LIFT2 trial in a multiphase optimization strategy 
(MOST) framework. 
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drop out or display non-adherence due to medical illness that is un
stable or likely to worsen, a high likelihood of needing multiple dis
ruptive post-discharge medical procedures, or a non-supportive social 
situation. The majority of these exclusion criteria were applied suc
cessfully in the LIFT1 trial as well as a coping skills training interven
tion trial [7,10]. Revised criteria have been informed by these same 
trials as well as data defining ICU survivor poor outcome phenotypes 
more likely to be non-adherent or drop out due to unstable medical 
illness [11]. 

2.5. Recruitment 

This study involves a two-step screening strategy:   

Step 1—hospital-based screening to identify cardiorespiratory 
failure survivors 

Clinical research coordinators at each site screen adult medical, 
cardiac, surgical / trauma ICUs daily for potentially eligible patients 
(i.e., those who meet the definition of ‘cardiorespiratory failure’ in  
Table 2) using an EHR-based algorithm. Patients are approached for 
informed consent in the hospital around the time of planned transfer 
from the ICU to the hospital ward to increase the likelihood they have 
recovered sufficiently to possess decisional capacity. Prospective par
ticipants are shown a 2-min study informational video (available at lift. 
duke.edu) at the time of the approach as well. Given the current con
cerns of coronavirus transmission, potential participants are often ap
proached by distance as well using a combination of calls, emails, and 
texts. After obtaining informed consent, a research coordinator assists 
each participant in downloading the LIFT mobile app from the relevant 
app store onto their device and establishing a login. This process creates 
an individual user profile in the app platform.   

Step 2—home-based screening at T1 to identify and then randomize 
those with elevated distress 

After obtaining informed consent, site coordinators monitor the 
participant's hospital course and update the app study staff dashboard 
with the date of discharge. Two days later, the app platform sends an 
alert within the Lift app that prompts the participant to complete the 
PHQ-9, GAD-7, and PTSS scales within the app. The coordinator 
monitors the participant's progress in completing the scales; failure to 

complete the initial survey within a week of discharge, will prompt the 
coordinator to call the participant for the screening interview. Based on 
real-time within-app survey scoring, patients with elevated symptoms 
of psychological distress (i.e., PHQ-9 score  >  5) are auto-randomized 
to one of 8 intervention conditions described below and shown in  
Fig. 2. The ~25–30% who lack elevated distress are not randomized, 
and their session will end with an explanatory message displayed in the 
app. After three 48-h cycles of auto-prompts without randomization or 
survey completion post-randomization, the coordinator calls the parti
cipant for the screening interview. 

2.6. Experimental condition allocation 

The combination of the three factors each at two levels results in 8 
experimental conditions. Allocation of the patients into one of the 8 
experimental conditions (152 patients randomized with 19 in each 
condition) occurs at the time of T1 data collection completion (i.e., the 
first data collection after arrival home from the hospital). To ensure 
balance between the conditions on these important confounders, allo
cation is stratified by site (Duke, Colorado, Washington), medical vs. 
surgical ICU, depression symptom score at T1 (PHQ-9  <  15, ≥15), 
physical symptom score at T1 (PHQ-10  <  10, ≥10), and age (< 50, 
≥50). Because of the large number of stratification variables relative to 
the experimental condition size, treatment assignment is conducted via 
a dynamic allocation minimization method [12]. This algorithm is 
programmed directly within the LIFT mobile app platform; details of 
the algorithm are in Appendix A. Because of the automated allocation 
procedure and the fact that our data system gives restricted views based 
on user login password, no study staff is able to ascertain treatment 
assignment in the data system except for the study manager. Therefore, 
all other study staff remain masked to patients' experimental conditions 
throughout. 

2.7. Duration of subject participation and study 

It requires 3 months for participants to complete the entire study 
from the time of randomization, including the intervention and all the 
follow up surveys. Based on our past similar studies, we anticipate a 
time period of approximately 2 weeks between the time of in-hospital 
informed consent (generally performed just after transfer from ICU to 
the ward) and randomization. During this period, the remaining med
ical issues are managed in the hospital and the study coordinators will 

Table 1 
Intervention factors evaluated in the trial.      

Condition Dosea Approach to non-respondersb Method to initiate interventionc  

1 High (High) Therapist (High) Therapist (High) 
2 High (High) Therapist (High) App (Low) 
3 High (High) App (Low) Therapist (High) 
4 High (High) App (Low) App (Low) 
5 Standard (Low) Therapist (High) Therapist (High) 
6 Standard (Low) Therapist (High) App (Low) 
7 Standard (Low) App (Low) Therapist (High) 
8 Standard (Low) App (Low) App (Low) 

a Dose quantified as high (twice daily meditation) and standard (once daily meditation). 
b Approach to participants whose weekly PHQ-9 score is either > 20 or higher than prior week's score. 
c Method to initiation intervention is the initial method of introducing the LIFT mobile app to participants.  

Fig. 2. Study overview and timing of data 
collection. 
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intermittently check on each patient's progress both in-person and via 
the medical record, being careful to note if there is a change of plans 
and the patient requires transfer to a care facility (in which case they 
become ineligible). 

We estimate that from the time the factorial experiment trial opens 
to enrollment, it will require 40–45 months to complete data collection 
(~36 months for cumulative enrollment with 4–5 months to complete 
all long-term follow up; this time does not include start up) and 
4–6 months to perform all final data analyses. 

2.8. Retention plan 

Having performed 2 multi-center RCTs testing psychobehavioral 
interventions for ICU survivors that included long follow-up periods, we 
have fine-tuned strategies to optimize adherence and retention. First, 
the stringent eligibility criteria are designed to exclude those most 
likely to drop out due to medical illness, substance abuse, and other 
issues. Second, the LIFT mobile app itself was designed to be a con
venient and flexible self-management tool that allows participants to 
complete all study outcomes surveys. Third, the study manager will 
prepare weekly reports using LIFT app analytics that identify rando
mized participants who are not logging into the LIFT app (or doing so 
infrequently). This will allow proactively delivered reminder emails/ 
texts, followed by telephone calls if necessary, to encourage more 
consistent participation with LIFT in a timely manner. Fourth, we 
compensate participants for their effort each time they complete a study 
procedure. Last, to we will attempt to attenuate loss to follow up using 
the guidance of recent guidelines from clinical research experts [13]. 

2.9. Intervention    

LIFT intervention and core content 

LIFT is initiated early after discharge to maximally attenuate the 
overall trajectory of distress [5,14]. Those randomized to the inter
vention will receive a separate alert linking them to one of 8 study 
webpages that explains the study arm to which they belong. Thereafter, 
the LIFT app guides the user through each week's activities using text 
and visual prompts as relevant to the factor-based condition to which 
they are randomized. At the end of each week, the LIFT app prompts 
completion of the PHQ-9 within its user interface; the app platform will 
generate real-time alerts to PIs prompting calls to patients who endorse 
the PHQ-9's suicidal ideation item plus a branching logic item about 
intent. 

LIFT content for all factor conditions includes 4 weekly app-based 
sessions as tested in the original LIFT study [7]. Each session is com
posed of three parts: 1. Video presentation describing rationale 
(3–5 min.), 2. Audio guided meditation (8–10 min.), and 3. Other re
levant in-app exercises (e.g., tips to help apply mindfulness to daily life; 
1–3 min.). Table 3 and eFig. 1 (eFigs. and eTables are found in Ap
pendix B) show the didactic elements of LIFT by week and how they 
map to distress triggers in our conceptual model. Appendix C demon
strates detailed elements of the LIFT mobile app and its content.   

LIFT factors—description, rationale, operationalization 

This trial will evaluate three LIFT factors, chosen based on patient 
feedback and staff experience from the LIFT study, that represent po
tentially important tradeoffs in convenience, personalization, effort, 
cost, scalability, and possibly effect (Fig. 3, eFig. 2).  

• Factor 1—Method of intervention initiation 

We will compare therapist-based initiation of the LIFT program to 
app-based initiation. The therapist-based approach will follow a specific 
protocol: Following randomization, the therapist will call the patient to 
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explain the rationale for LIFT, discuss the study timelines and mile
stones, lead the participant through an awareness of breathing exercise, 
and answer all questions (total time ~ 15–30 min). Patients randomized 
to the app-based approach will receive similar content through a short 
explanatory video that explains the rationale for the study, a quick ‘how 
to’ overview of the app and study, and a review of key LIFT elements 
likely to enhance success. The app approach is initiated by an email or 
text (per participant preference) with links to study materials and the 
LIFT website (lift.duke.edu). The method to initiate LIFT is important to 
study because app-based automation is more convenient, cheaper, and 
efficient at reducing startup delays than scheduling a therapist call—a 
factor associated with dropout in other psychosocial interventions de
livered to ICU survivors [10]. However, some LIFT1 patients felt the 
ability to personalize an initial guided exercise and to ask questions 
about using the app were valuable. Altogether, understanding the 
comparative and combined effects of these LIFT factors is a critical step 
in building an intervention optimized for a successful RCT.  

• Factor 2—Dose 

We will compare standard dose vs. high-dose LIFT. Standard-dose 
LIFT is similar to the 4-week program tested in the LIFT pilot RCT, with 
the expectation that participants listen to one guided meditation per 
day. High-dose LIFT includes the expectation of two mindfulness ses
sions a day. The rationale for testing the dose factor is that a standard 
dose was convenient and effective in LIFT1, though more practice time 
was strongly correlated with effect. Although a higher dose would 
provide greater practice time and recapitulate the dose used in recent 
successful mindfulness trials including the initial uncontrolled LIFT 

pilot [6,15,16], it may be less convenient and lead to non-adherence.  

• Factor 3—Response to symptoms 

We will compare a therapist-based approach to an app-based ap
proach to those with persistent or worsening symptoms, defined as a 
participant who each week has either a PHQ-9  >  20 or an increase in 
PHQ-9  >  5 units compared to the prior week. The therapist-based 
approach involves contacting the non-responder patient via their pre
ferred method of communication (email, text, phone) to arrange a tel
ephone call. In the 15–30-min call, a protocol similar to that tested in 
each therapist-delivered session in the LIFT study's telephone-based 
mindfulness arm will be followed: the rationale for call is given, patient 
identifies current stressors, and the therapist explains a rationale for 
how mindfulness could address the stressor-associated distress. At the 
conclusion of the call, the therapist uses her judgement regarding the 
need for further attention for severe symptoms per our Distress 
Management Protocol. All therapist calls (as well as their date, time, 
length, and key content) are logged into the LIFT study staff platform 
for subsequent export to a study REDCap database. The app-based ap
proach to non-responders uses the app's logic to display hovering 
messages and notifications within the app that may be applicable to the 
user. Depending on whether emotional or somatic depression symptoms 
are dominating the PHQ-9 score for the individual, a unique video is 
shown within the app that features the study interventionists leading a 
brief exercise in which the participant is coached by the interventionist 
in the application of mindfulness for the symptoms the participant has 
endorsed. The app-based approach to non-responders has 8 unique vi
deos, 2 for each week (i.e., one tailored to emotional symptoms, one 

Table 3 
LIFT skills presented by intervention week.     

Timeframe Description of skills taught Relevant app content  

Week 1 Subjects are provided with a rationale for mindfulness and learn to use awareness of breathing, a core meditation 
technique that begins to cultivate skills of mindful, non-reactive observation. 

1. Weekly animated video introducing topic 
2. Weekly audio guided meditation by male or 
female voice 
3. Other unique text, graphics, and video 
supplemental content 

Week 2 Introduces awareness of body systems that are working well or less well as a way to continue to cultivate skills of 
observing, describing, and non-judgmental attention. 

Week 3 Participants practice awareness of emotions and mindful acceptance, which is designed to acknowledge difficult 
emotions and cultivate feelings of kindness and compassion towards oneself and others. 

Week 4 Introduces mindfulness in everyday life, using awareness of the present moment as a way to focus non-judging 
attention on the body, particularly at the time of sleep. 

Fig. 3. Three intervention factors evaluated in the trial; next page.  
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tailored to somatic symptoms). We believe the stepped approach to 
non-responders (i.e., persistent or increasing PHQ-9 score from week to 
week) is the most exciting opportunity to enhance LIFT's impact. A LIFT 
app-based approach guiding users to symptom-relevant content using 
sophisticated algorithms applied to patient-reported data is a highly 
scalable way to automate precision medicine with dynamic engage
ment. Yet while therapist input is time-intensive, this added persona
lization may yield a greater impact than an app-only approach. 

2.10. Outcomes measures 

Survey-based data collection occurs three times as shown in Table 4: 
at T1 (week of arrival home; pre-randomization), T2 (1 month post- 
randomization), and T3 (3 months post-randomization). We allow T2 
data collection to be completed up to 6 weeks post-randomization and 
T3 up to 4 months post-randomization if absolutely necessary, though 
all efforts are made to obtain data per the timeline. The default strategy 
for data collection is through the LIFT mobile app itself, which is linked 
to the secured cloud-based study data system. Study staff blinded to 
experimental condition will conduct a telephone interview for those 
participants who are non-compliant with the LIFT mobile app-assisted 
surveys (~5% in our experience). 

2.10.1. Primary outcome 
The Patient Health Questionnaire-9 (PHQ-9) assessed at T2 is the 

primary outcome of the trial. It is a 9-item depression scale (range 0–27; 
scores ≥10 are elevated) [17–19] that is short and highly responsive to 
psychosocial interventions [20]. 

2.10.2. Secondary outcomes 
We also measure psychological distress using the Generalized 

Anxiety Disorder-7 (GAD-7) and the Post-Traumatic Stress Syndrome 
inventory (PTSS)—scales used successfully in the LIFT pilot trial. The 7- 
item GAD (range 0 to 21; scores ≥7 are elevated) has response choices 
that mirror the PHQ-9 [21]. The PTSS is a 10-item post-traumatic stress 
disorder (PTSD) symptom scale (range 10–70; ≥20 is notably elevated) 
used frequently to assess ICU-related traumas by anchoring memory 
recall to hospitalization [22]. It has excellent reliability, responsive
ness, and is highly specific and sensitive compared to DSM-IV criteria 
[23]. Quality of life is assessed with a 100-point visual analog scale 
used successfully in numerous ICU survivor studies [24]. Distress 

associated with physical symptoms is measured using a 10-item survey 
adapted from the PHQ-15 (range 0–30; higher scores denote greater 
distress) by collapsing all pain-themed items into a single item [25]. 

Feasibility is evaluated by comparing observed to target rates of 
consent (target: 75%), completion of weekly surveys (target: 75%), 3- 
month retention (target: 70%), and number of therapist calls 
(target: < 3 per participant). We will use app analytics to quantify 
participants' LIFT mobile app adherence (e.g., frequency and duration 
of use). Acceptability is measured with the Client Satisfaction 
Questionnaire (CSQ; target mean ≥ 10) [26] and by analysis of semi- 
structured interviews conducted 3 months post-randomization. Us
ability is assessed with the industry standard Systems Usability Scale 
(SUS) [27]. 

2.11. Data collection and management 

All non-clinical data entry is done by participants via the LIFT 
mobile app as prompted by alerts within the app. Coordinators abstract 
medical charts for hospital-based data (e.g., illness severity, ICU and 
hospital length of stay, diagnosis), entering data directly into the digital 
data system via password-protected linkage. All clinical values and 
measurements is abstracted from site EHR systems and derived from 
processes of normal hospital (and ICU) care; no post-discharge labora
tory or clinical testing will be done. Study staff complete electronic case 
report forms securely integrated within the REDCap data system. Using 
tested password-based customization strategies, the LIFT platform al
lows each site's study team to view their site's own patient-level data 
including experimental condition. Only the study manager is able to 
view all patient-level data and experimental conditions. We are using a 
parallel study operations workflow tracking application to record par
ticipant contacts survey completion, and adverse events. Study per
sonnel utilize these data systems to create scheduled reports on the 
trial's conduct (e.g., study milestones) to enhance the study's quality. 
We monitor the quality and consistency of data in a number of ways. 
Monthly data cleaning is done by the study manager and statistical 
team using customized reports that identify missing, outlier, or non
sensical data to allow correction. 

2.12. Human subjects and regulatory oversight 

Our study includes standards such as strict PI oversight, a Distress 

Table 4 
Trial outcomes and data collected.        

Optimization outcomes In hospital T1a T2a T3a Other  

Primary outcome 
Depression (PHQ-9)b  x x x   

Secondary outcomes 
Acceptability & usability: CSQ (target mean ≥ 10), SUS (target mean ≥ 85)   x x  
Feasibility: Target rates of consent (≥70%), eligibility (≥70% of screen positive), randomization (≥80% of eligible), adherence  

(≥75% of all procedures), retention (≥75%), therapist calls required (< 3)     
x 

Psychological distress symptoms: Anxiety (GAD-7), PTSD (PTSS)  x x x  
Physical symptoms: PHQ-10  x x x  
Quality of life: visual analog scale  x x x   

Other measures 
Mindfulness: Mindful Attention Awareness Scale (MAAS)  x x x  
Sociodemographics: Age, gender, race, ethnicity, employment, insurance, education, marital status, psychiatric therapies, health 

literacy, social support, financial distress 
x     

Clinical characteristics: Medical comorbidities, illness severity, delirium during ICU stay, ICU diagnosis, ICU service, duration of 
ventilation, length of stay 

x     

Patient post-discharge factors: Functional status, use of psychiatric therapies, readmissions  x x x  
Intervention adherence web analytics data: Number of LIFT sessions viewed, total time viewing materials, intervention elements 

utilized most (videos, audio), symptoms survey completion, number of therapist / staff calls required     
Web analytics 

Semi-structured interview: to determine user experiences with the intervention.    X  

a T1 (pre-randomization / baseline), T2 (1 mo. post-randomization), T3 (3 mo. post-randomization). 
b Weekly also. The primary study outcome.  
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Management Protocol used successfully in the LIFT study, safety mon
itoring by an independent DSMB and a central IRB, and distress mon
itoring within the LIFT app itself. We do not enroll from vulnerable 
populations. 

This study includes redundant technological and human processes 
designed to protect the safety of participants. Each week the LIFT app 
uses a series of messages as needed (hovering box on screen, email with 
link, text with link—all strategies we have used successfully) to prompt 
the user to complete the PHQ-9 survey within the app interface. The 
PHQ-9 includes a single item addressing suicidality, to which we added 
branching logic about intent and plan for clarity (see Appendix C sec
tion ‘LIFT2 Popup Messages & Logic Statements‘for details). By virtue of 
the LIFT mobile app's integration with the study data system, real-time 
alerts will be sent to the PIs and the study manager to notify them of the 
presence of two situations representing extreme distress that will 
prompt activation of either our Distress Management Protocol or the 
Suicidal Ideation Protocol—each of which involves immediate contact 
from study staff:  

• Endorsement of both suicidal ideation (a response other than ‘none’) 
via the PHQ-9's relevant item as well as an active plan for self-harm 
based on branching logic item prompted by a ‘positive’ PHQ-9 re
sponse (action: site PI calls the participant within 24 h); note only 9 
such calls were prompted over 15 months in the LIFT1 trial.  

• Participant requests a call for severe symptoms or unmanageable 
distress via the app, email, text, or phone call (action: therapist will 
call participant within 48 h; content of call will be tailored to par
ticipant's stressors though will emphasize selected content within 
the LIFT app) 

Based on an internal algorithm, the LIFT app displays a message to 
the participant after entering the survey that they should expect a call 
from study staff to check in on their progress (a benign message worded 
to minimize concern). 

2.13. Statistical analysis 

The main goal of our intention-to-treat analyses is to estimate main 
effects and interactions of combined experimental conditions to be able 
to determine which LIFT use case is best. That is, would LIFT impact be 
greater by accepting the “high” level of a factor instead of the simpler 
default “low” level of the factor (Table 1). Our overall analytic ap
proach will be guided by frameworks presented by Collins and Collins & 
Kugler [28,29]. To understand general patterns in the data, we will first 
calculate raw means, medians, and measures of variability at each time 
point for the primary and secondary outcomes. These will be grouped 
by the main effect of each factor (e.g. standard vs high-dose), collapsed 
over the other factors. We will also examine these descriptive statistics 
by groups as defined by the two-way and three-way interactions of the 
factors. More details on the statistical analysis plan and power calcu
lations are shown in Appendix D. 

A constrained longitudinal general linear model with unstructured 
covariance to take into account repeated measures on individuals over 
time will be used to estimate changes in the primary and secondary 
outcomes from T1 to T2 and from T1 to T3 [30]. Often for trial ana
lyses, intervention group and time are dummy coded indicator variables 
(i.e., levels 0 and 1) in model specification. Instead, given our factorial 
design, the main effects and interactions will be represented with effect 
coding (i.e., levels −1 and 1). In the scenario of balanced sample sizes 
across the factors, effect coding results in a model with uncorrelated 
coefficients. 

Using the estimated model coefficients, we will first determine if 
any of the main effects indicate improvement of at least 2 points on the 
PHQ-9 at T2. Candidate components not reaching these benchmarks 
will be set to the “low” level of the component. We will then carefully 
examine the interactions, starting with those that include the largest 

main effect factor. Estimated means and plots will be used to explore 
the impact of the interactions and whether they are “synergistic” or 
“antagonistic.” The final “screened in” set of combinations (i.e., main 
effects and synergistic interactions indicating improvement of at least 2 
points on the PHQ-9) will provide evidence of possible optimized in
tervention components. 

As a next step in the decision-making process, we will examine the 
secondary outcomes and the sustained intervention effects at T3, po
tentially reconsidering decisions made in the previous step. As an ad
ditional part of this step of the decision-making process, we will ex
amine feasibility and adherence metrics for all components, as well as 
open-ended study participant study staff feedback. We will also con
sider the timing of participant randomization relevant to the COVID 
pandemic, as well as whether participants were admitted with COVID- 
related illnesses. 

We recognize that the experience of study participants and study 
staff alike may be valuable considerations when determining the opti
mized intervention case [31]. Therefore we will use a stratified pur
posive design to sample 75 participants (~2 / mo.) across sites, a 
number sufficient for theme saturation [32], at the time of T3 
(3 months post-randomization). These 30-min semi-structured one-on- 
one telephone interviews conducted by study staff will explore app 
access, use, and satisfaction with content [33,34]. Theoretical sampling 
will ensure sufficient variability in characteristics that may influence 
experiences, stratifying cases by response (high vs. low), app use (high 
vs. low), demographics (age, gender), baseline distress (moderate vs. 
high), and factor group. We will use modified grounded theory methods 
[35,36] to inductively and iteratively develop frameworks to describe 
patients' experiences with the LIFT2 intervention [37–39]. These qua
litative data may be particularly helpful in understanding important 
negative or positive qualities of intervention factors not otherwise 
captured by surveys. They will also be useful in identifying user ex
perience issues that could prove to be barriers to future feasibility of 
certain intervention approaches. 

2.14. Sample size and power considerations 

We calculated power for the test of a main effect or factor interac
tion in a constrained longitudinal general linear model with un
structured covariance matrix via simulation. Based on LIFT pilot data, 
the baseline standard deviation of PHQ-9 was assumed to be 5.3 and the 
covariance between time points ranged from 3.9 to 11.5 (eTable 1). We 
examined a range of sample sizes at T2, from 120 to 200 participants. 
500 simulated datasets were simulated under the alternative model, 
with power calculated as the proportion of times the estimated coeffi
cient was found to be statistically significant at p  <  0.05. Results in
dicated that with 120 total patients at T2 (15 per experimental condi
tion; 152 total at T1 assuming 20% dropout by T2), we will have ~89% 
power to detect a factor main effect or factor interaction effect of 
2 units on the PHQ-9 scale (eTable 2). 

3. Results 

Thus far, we have enrolled 37 participants in 5 months in the fac
torial trial (registered at: NCT04038567). Lessons learned to date have 
included balancing eligibility factors with individual sites' unique pa
tient population characteristics and practice patterns (e.g., removing 
the exclusion for discharge to nursing home given common practice of 
brief post-discharge nursing home stays in Colorado); standard chal
lenges deploying mobile apps to a population that is diverse in age, 
geography, and technological confidence; and the completely new 
challenges of attempting to conduct clinical research during a pandemic 
in which direct patient contact is impossible due to infection control 
concerns. 
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4. Discussion 

4.1. The LIFT program fills an important clinical care gap 

For years, thought leaders have stressed the need to improve post- 
discharge outcomes for ICU survivors ‘beyond 28-day mortality,’ a time 
when patients often feel forgotten [40–42]. Prior to the LIFT1 pilot 
trials, there were only a handful of trials that targeted patients' dis
tress—none of which had positive results. The LIFT mobile mindfulness 
program has evidence of impact, fills a treatment gap, addresses re
search priorities in distress symptoms and self-management, and can 
provide a model for the scalable web-based delivery of mind-body in
terventions. It also represents a paradigmatic shift from hospital-based, 
mortality-focused interventions to home-based, patient-centered self- 
management. 

The LIFT program's key innovation is its real-time personalization of 
therapy as a component of self-management [43,44]. LIFT prompts 
patient self-report of symptoms within the app itself, translates 
symptom severity and trajectory into risk profiles, and then can auto
matically step care up or down—all in weekly cycles [45]. This ap
proach contrasts with less efficient standard protocols in which all 
participants receive telephone calls or clinic visits regardless of 
symptom status, likely worsening retention. Because LIFT can be dis
seminated through the web and can automate every step from distress 
screening to long-term follow-up, it is ideal for a low-cost pragmatic 
trial. If later found to be efficacious, health systems could implement 
LIFT via the web for their thousands of annual ICU survivors. Such an 
automated, symptom-responsive, population-scalable approach that 
could also be personalized and self-managed would represent an evo
lution in the delivery of mind-body therapy. 

4.2. Key knowledge gap relevant to LIFT—and how this trial will address it 

There is also a key knowledge gap for the LIFT program—just how 
much human contact, if any, is required. The LIFT pilot RCT demon
strated that the clinical effect on depression, anxiety, and physical 
symptoms of the app-delivered intervention was more powerful than 
the therapist-delivered version [7]. However, the therapist-delivered 
version had slightly better adherence and retention. Furthermore, 
participants reported that they particularly enjoyed speaking with the 
study interventionist. These observations underscore a debate that has 
existed for years unresolved about just what exactly constitutes the 
‘ideal contact’ between patient and clinician and what is a sufficient 
minimal and optimal dose of therapy [46]. Beyond clinical impact, 
clinicians and researchers have concerns about scalability, feasibility, 
and cost—all of which are moderated by the amount of study staff in
volvement in the delivery and oversight of the intervention. 

For these reasons the optimization phase of the MOST methodology 
is ideal. MOST will use engineering principles and randomized ex
perimentation to determine which factors of LIFT, a complex inter
vention, optimize constraints of clinical impact, acceptability, and 
feasibility. As such, this trial will determine which LIFT build is most 
sustainable, streamlined, and efficient for a future RCT. Factorial ex
periments are ideal because they require far fewer participants than 
would a standard RCT with multiple arms [47], yet are able to provide a 
substantial amount of information on individual intervention compo
nents. 

4.3. Limitations and alternative approaches 

First, while we have considered hospital-based interventions, no in- 
hospital intervention has improved depression, and ICU patients' ill
nesses and delirium would make LIFT infeasible. Second, while we re
cognize that some participants may have psychiatric distress symptoms 
that precede their hospitalization, our RCT experience demonstrates 
that this population is just as likely to respond to therapy. However, 

those with severe psychiatric illness (e.g., psychosis) will be excluded. 
Third, we will use the PHQ-9 and the PTSS instead of the Hospital 
Anxiety and Depression Scale (HADS) and the revised Impact of Events 
Scale (IES-R) as recommended by a recent Delphi consensus of critical 
care researchers [48]. However, the PTSS is also commonly used among 
ICU patients [49] and past participant feedback has consistently in
dicated that that the PHQ-9 is easier to understand than the longer 
HADS. The PHQ-9 and GAD-7 also share an identical response struc
ture, which improves usability for those completing surveys on mobile 
devices. Last, we considered other designs such as stepped-wedge or 
cluster RCTs, though these designs were less advantageous because of 
our post-discharge focus and the absence of other care processes or 
contamination risks. An adaptive trial design was also considered, 
though the LIFT intervention itself is capable of auto-stepped care that 
adapts to symptom trajectories. 

4.4. Conducting clinical research in a pandemic 

Currently acute infection with the severe acute respiratory syn
drome novel coronavirus 2 which leads to coronavirus disease 2019 
(COVID-19) is causing the largest pandemic of pneumonia, a key LIFT 
trial inclusion criterion, in over 100 years [50,51]. It is expected that 
COVID-19 infection will likely place patients at even higher risk of 
distress than other forms of cardiorespiratory illness given the global 
state of emergency and economic stress [52,53]. The COVID-19 pan
demic represents a unique threat to patient-centered care given new 
norms of ‘social distancing,’ limited healthcare resources that serve as 
barriers to distress assessment and timely treatment, and economic 
devastation of those impacted by it [49,54,55]. Additionally, most re
search institutions have banned study staff from conducting clinical 
research that includes direct patient contact. These barriers require a 
novel approach that we believe can be effectively provided by LIFT. 
LIFT's ‘touchless deployment’ allows automated screening, consenting, 
intervention activation, and data collection without direct patient 
contact—critical for successful enrollment of patients with and without 
COVID in this trial. Additionally, LIFT is a self-guided mobile app that 
works on any device, giving it the flexibility and scalability required in 
a pandemic. That said, refocusing our teams' focus on conducting 
clinical research that begins in a hospital setting presents numerous 
logistical, regulatory, and methodological challenges. 

4.5. Other potential implementation challenges and how to address them 

There may be other challenges as well. Should technological chal
lenges arise, our past experience has provided numerous lessons 
learned about how to develop creative, cost-conscious solutions with 
our app programming consultants. We recognize that patients will oc
casionally have questions about the app or surveys, though study staff 
solved these within 24 h by email or phone in LIFT. LIFT's web app 
build allows use on any operating system and any digital device via 
cellular or Wi-Fi or internet connections. This approach is highly ac
cessible, as only 6% of otherwise eligible patients were excluded from 
LIFT1 because of no smartphone or computer [7]. 

5. Conclusions 

We developed a self-directed mobile mindfulness training mobile 
app called LIFT to meet the unique needs of patients who are recovering 
from serious cardiorespiratory illness. We are now conducting a 
2 × 2 × 2 factorial clinical trial that is conceptualized as the 
Optimization Phase within the multiphase optimization strategy 
(MOST) framework in which we will assess three intervention compo
nents and their interactions with the goal of optimizing LIFT across 
outcomes of usability, efficiency, scalability, and clinical impact. At the 
conclusion of this factorial trial, LIFT will be off-the-shelf ready for a 
next-step definitive RCT that can serve as a model for distance-based 
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mind and body interventions. 
Supplementary data to this article can be found online at https:// 

doi.org/10.1016/j.cct.2020.106119. 
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