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Abstract

Background—Randomized trials of complex, non-pharmacologic interventions implemented in 

home and community settings, such as the University of Southern California (USC)–Rancho Los 

Amigos National Rehabilitation Center (RLANRC) Pressure Ulcer Prevention Study (PUPS), 

present unique challenges with respect to: (a) participant recruitment and retention, (b) 

intervention delivery and fidelity, (c) randomization and assessment, and (d) potential inadvertent 

treatment effects.

Purpose—We describe the methods employed to address the challenges confronted in 

implementing PUPS. In this randomized controlled trial, we are assessing the efficacy of a 

complex, preventive intervention in reducing the incidence of, and costs associated with, the 

development of medically serious pressure ulcers in people with spinal cord injury.
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Method—Individuals with spinal cord injury recruited from RLANRC were assigned to either a 

12-month preventive intervention group or a standard care control group. The primary outcome is 

the incidence of serious pressure ulcers with secondary endpoints including ulcer-related 

surgeries, medical treatment costs, and quality of life. These outcomes are assessed at 12 and 24 

months after randomization. Additionally, we are studying the mediating mechanisms that account 

for intervention outcomes.

Results—PUPS has been successfully implemented, including recruitment of the target sample 

size of 170 participants, assurance of the integrity of intervention protocol delivery with an 

average 90% treatment adherence rate, and enactment of the assessment plan. However, 

implementation has been replete with challenges. To meet recruitment goals, we instituted a five-

pronged approach customized for an underserved, ethnically diverse population. In intervention 

delivery, we increased staff time to overcome economic and cultural barriers to retention and 

adherence. To ensure treatment fidelity and replicability, we monitored intervention protocol 

delivery in accord with a rigorous plan. Finally, we have overcome unanticipated assessment and 

design concerns related to: (a) determining pressure ulcer incidence/severity, (b) randomization 

imbalance, and (c) inadvertent potential control group contamination.

Limitations—We have addressed the most daunting challenges encountered in the recruitment, 

assessment, and intervention phases of PUPS. Some challenges and solutions may not apply to 

trials conducted in other settings.

Conclusions—Overcoming challenges has required a multifaceted approach incorporating 

individualization, flexibility, and persistence as well as the ability to implement needed mid-

course corrections.
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Introduction

Randomized controlled trials (RCTs), generally accepted as the most reliable method for 

determining intervention efficacy, frequently are employed to evaluate health interventions 

when the intervention protocol is straightforward and highly structured [1–3]. However, a 

pressing need exists for rigorous evaluation of the efficacy of complex, non-pharmacologic 

interventions, such as rehabilitation or health promotion programs, which are multi-faceted 

and often individualized [1,3–7]. In practice, RCTs with these features are labor-intensive 

and pose considerable challenges that can become more pronounced when the intervention 

is delivered to underserved, diverse populations in the home or community [1,4,8]. In 

addition to difficulties in standardizing intervention content and delivery [5], socioeconomic 

factors may require unanticipated modifications in approach, and participant adherence may 

be poor [7,9,10]. Finally, when the intervention targets a medical rehabilitation patient 

population that tends to be heterogeneous within diagnostic categories, other methodological 

concerns may arise [2,11].
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We present key methodological challenges encountered in implementing the University of 

Southern California (USC)–Rancho Los Amigos National Rehabilitation Center (RLANRC) 

Pressure Ulcer Prevention Study (PUPS), a prospective, single-blind RCT. Its aims are to: 

(1) assess the efficacy of a lifestyle intervention, the Pressure Ulcer Prevention Program 

(PUPP), in preventing medically serious (Stage III or IV) pressure ulcers and related 

surgeries in adults with spinal cord injury; (2) document the intervention’s potential medical 

cost savings and effects on quality of life; and (3) model the intervening process 

mechanisms that mediate any intervention effects.

Studies such as PUPS are crucial because ecologically valid, cost-effective interventions 

need to be provided after discharge into community settings for populations vulnerable to 

secondary medical complications [12–16]. The occurrence of pressure ulcers is the most 

frequent of these conditions among adults with spinal cord injury [15–18], with an annual 

incidence of 25% to 66% [19]. Such ulcers are associated with annual treatment costs 

estimated between $2.2 and $3.6 billion within the United States [20] and their occurrence 

can be life-threatening or otherwise diminish quality of life [21–25]. People with spinal cord 

injury remain at high risk for pressure ulcers even after receiving education in prevention 

techniques (such as routine skin checks) [26,27]. Based on findings from our previous 

research [28–33], we hypothesized that an intervention focusing on prevention in daily life 

contexts could reduce the risk of pressure ulcers in community-dwelling people with spinal 

cord injury [14–16,34].

Methods

Figure 1 provides an overview of the PUPS design. At the time of study enrollment, 

participants were classified into one of three strata based on current pressure ulcer status and 

pressure ulcer history: (1) low risk (≤1 medically serious pressure ulcers in the past two 

years; n=100); (2) high risk (≥2 medically serious pressure ulcers in the past two years; 

n=67); or (3) current stable or healing Stage III pressure ulcer (n=3; pre-existing Stage III 

ulcers were excluded from analysis). Within each stratum, participants were randomized to 

the intervention group (n=83) or control group (n=87). The conceptual model to be tested is 

depicted in Figure 2. In the model, the degree to which participants comply with the 

intervention, and utilize its key components, is hypothesized to have a positive effect on 

each of the mediators of successful prevention.

PUPS participants

Sample size calculations indicated that the inclusion of 160 participants would produce 

sufficient power (91%) to detect a 50% reduction in the incidence of pressure ulcers (from a 

mean of 1.33 per year, based on a preliminary study, to a mean of .67 per year [d = .578]), 

given 30% attrition [35]. However, as PUPS progressed, to counteract the possibility of a 

baseline ulcer rate lower than our original estimate, we enrolled 170 participants (144 men 

and 26 women). Eligible participants were non-ambulatory, cognitively intact, English- or 

Spanish-speaking adults with a history of traumatic spinal cord injury at least six months 

prior to the date we assessed eligibility. They were required to have had at least one 
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medically serious pressure ulcer within the past five years, and to have no worsening Stage 

III or any Stage IV ulcer present.

Participants were enrolled between February 11, 2009 and November 11, 2011 and include 

83 Hispanics/Latinos, 54 African-Americans, 22 Whites, and 11 people of mixed or other 

ethnicities. Consistent with data indicating that individuals with disabilities are more likely 

to be living in poverty than non-disabled individuals, 54% reported monthly household 

incomes below $1,000, less than one-fourth of the 2011 national median monthly income of 

$4,171 [36,37]. Individuals with low income and racial/ethnic minority group members are 

at elevated risk for pressure ulcers and therefore represent an appropriate group to receive 

preventive intervention [38]. A data and safety monitoring board (DSMB) was formed to 

monitor the safety and rights of the research participants. All participants completed the 

informed consent process, approved by the RLANRC Institutional Review Board, prior to 

study enrollment.

Intervention and control group protocols

PUPP is a complex intervention aimed at incorporating sound, personally relevant pressure 

ulcer prevention practices into participants’ daily routines [39–42]. The PUPP intervention, 

which incorporates both fixed and variable (customizable) elements within six modular 

content areas, is summarized in Table 1. The inclusion of an individualized component is 

consistent with theoretical work stressing the agentic role of individuals in managing their 

lives [15,16,43–45], the importance of self-determination and patient-centeredness [46–48], 

and the potential for intervention tailoring to affect health outcomes positively [49]. Key 

aspects of the intervention include identification of personally chosen goals, intervener-

facilitated problem solving, motivational interviewing [50], traditional rehabilitation 

strategies [51–53], presentation of practical knowledge in response to real-world dilemmas, 

and an emphasis on making sustainable, long-term lifestyle changes.

The intervention was delivered by occupational therapists in consultation with registered 

nurses who made wound care recommendations for pre-existing or emergent pressure ulcers. 

All interveners were blind to the study design and hypotheses. Participants in the 

intervention group received preplanned weekly contacts including 9 home visits and 15 

telephone calls during an intensive phase (months 1–6), followed by a tapered phase 

(months 7–12) in which contacts were bi-weekly, with 2 home visits and 9 telephone calls. 

Intervention participants were instructed to contact their therapist for immediate assistance 

whenever they detected a possible new ulcer or experienced an event that heightened their 

pressure ulcer risk. Finally, up to $400 in prevention-related equipment was provided to 

each participant.

The control group did not receive any study-related intervention or comparable telephone or 

in-person contacts. However, individuals in this group could access usual care at RLANRC 

during the study period. Following study completion, they received up to $400 in 

prevention-related equipment, and a one-hour consultation with an occupational therapist 

and registered nurse.
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To ensure that the intervention protocol was implemented validly [54,55], we followed a 

multi-faceted plan consistent with guidelines for establishing fidelity for complex 

interventions [6,56,57]. This plan included: (a) 30 hours of standardized intervener training; 

(b) one monitoring session per month in which each intervener’s adherence to the protocol 

was assessed using a specialized rating scale; and (c) weekly supervisory protocol adherence 

meetings.

Data collection

At baseline, 12 months, and 24 months after randomization, assessments are undertaken of 

demographic variables, potential mediating variables, and primary and secondary outcome 

variables via: (a) medical record review, (b) skin examinations performed by specially 

trained nurses; and (c) validated questionnaires administered by trained graduate students. 

Additionally, all participants complete quarterly telephone interviews to assess healthcare 

utilization and pressure ulcer status. All personnel administering assessments are blinded to 

the group assignment of participants. To reinforce adherence to the study protocol, 

participants are compensated for completing assessments.

The primary outcome, incidence of serious pressure ulcers, is assessed via the Bates-Jensen 

Wound Assessment Tool (BWAT) [58]. Because pressure ulcer assessment can be 

complicated (for example, a wound could appear and heal within less than a 12-month 

assessment period), medical/billing records and quarterly telephone interviews are used to 

supplement the BWAT findings.

Table 2 presents an overview of scales used to measure secondary outcomes and mediating 

variables [13,26,59–66]. For each construct, we attempted to identify a questionnaire that 

was brief, sensitive to change, available in English and Spanish, and previously validated, 

preferably with the spinal cord injury population. Health care utilization is assessed through 

review of medical/billing records from RLANRC and outside facilities, supplemented by 

self-reported quarterly telephone interviews. Data on the direct costs of the intervention are 

captured through logs maintained by the interveners.

Statistical analyses

All randomized participants will be included in the intent-to-treat analysis. The primary test 

of intervention efficacy will involve Poisson regression analysis of between-group 

differences in the number of serious ulcers over the 12-month intervention phase of the 

study. Secondary analyses will examine the annual incidence of ulcer-related surgeries, 

quality of life, and indicators of the mediating constructs included in Figure 2. All statistical 

analyses will be repeated using data obtained through the 24-month follow-up period.

We will conduct analyses using one-tailed tests (with the expectation of a beneficial 

intervention effect); we will consider probabilities of 0.05 or less to be statistically 

significant. In all analyses, we will adjust for randomization strata as well as background 

variables found to be effect modifiers. We will assess possible medical cost savings through 

analysis of variance of individual patient medical costs, and regression models of medical 

costs as a function of group assignment. To analyze cost effectiveness, we will compare the 

cost per quality adjusted life year [67] and the net health benefit [68] between intervention 
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and control groups. Finally, we will use structural equation modeling to identify which 

variables mediate the effects of the PUPP intervention.

Results

To date the study is progressing successfully. The target accrual of 170 participants has been 

met. Twelve-month and 24-month assessments have been completed for 145 and 129 of all 

participants, respectively. However, in implementing PUPS, we have been confronted with a 

series of methodological challenges.

Recruitment and retention challenges

Obtaining the needed sample size for a study of community-dwelling individuals with spinal 

cord injury was difficult. Spinal cord injury affects only a small fraction of the general 

population, with approximately 250,000 prevalent cases in the United States [69]. To 

achieve our stipulated accrual goal, we implemented a five-component recruitment plan. 

First, we hired a bilingual Hispanic “lead” recruiter to oversee the recruitment team. Second, 

other members of the recruitment team shared characteristics (e.g., language, ethnicity, 

having spinal cord injury) with the target population. Third, in addition to printed 

recruitment materials, recruiters attended the RLANRC pressure ulcer management clinic 

each week and met face-to-face with prospective participants. Fourth, we developed strong 

rapport with the medical personnel who staffed the clinics. Fifth, recruitment materials were 

translated and adapted to be culturally appropriate for the targeted population.

As PUPS progressed, we noted that recruitment lagged behind schedule and that a number 

of participants were excluded solely due to the presence of a Stage III ulcer. We concluded 

that this exclusion criterion could be relaxed without jeopardizing the integrity of the study. 

After receiving IRB approval for the change, we enrolled three participants with a current 

healing or stable Stage III ulcer. However, no additional potential participants had ulcers in 

this category. In hindsight, our recruitment goal could have been met without amending this 

exclusion criterion.

Various background characteristics of the sample contributed to challenges in retention. In 

addition to a high proportion of the sample having income below poverty levels, 36% had 

less than a high school education and 17% had unstable housing or had recently been 

homeless. Additionally, individuals engaged in high-risk activities are overrepresented in the 

spinal cord injury population, as the leading causes of spinal cord injury nationally are motor 

vehicle accidents and acts of violence [69]. The population in Los Angeles County 

comprises an even higher-risk group, as 43% of spinal cord injuries locally are caused by 

gunshot wounds [RH Adkins, Co-Director, Regional SCI Care System of Southern 

California, personal communication, 1 Oct 2013]. A significant proportion of our 

participants, as represented by the intervention group, reported past or current participation 

in high-risk activities, including substance abuse or dependence (32%), participation in 

illegal activity (31%), incarceration or criminal justice system involvement (19%), and gang 

activity (15%) [9].
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Thus, we had many challenges to successful retention. Nevertheless, through persistence, 

flexible scheduling, prioritizing the convenience of participants, development of “back up” 

strategies, and the development of rapport over time, we retained 83.5% of participants at 12 

months, and 77% at 24 months, better than our predicted 70% retention rate. We estimate 

that activities aimed at combating attrition, such as making follow-up telephone calls or 

repeated home visits, required 50% more staff time than originally projected. Moreover, we 

implemented explicit measures to avoid turnover of staff who interacted with participants by 

building a shared sense of community (e.g., holiday parties, celebration of recruitment 

milestones). Finally, as previously noted, all participants were compensated for completing 

assessments, and received progressively more compensation at the 12 and 24 month testing 

sessions as compared to baseline.

Intervention delivery and fidelity challenges

Participants’ life circumstances also impeded their implementation of PUPP prevention 

strategies [9]. Such obstacles included tenuous family dynamics, deleterious aspects of the 

physical environment, and unforeseen life events. For example, participants commonly 

engaged family members as caregivers, paid through government assistance programs, to 

supplement their household income. However, some family caregivers faced competing 

demands from work or family obligations or had health problems themselves, which created 

caregiving challenges that were not addressed explicitly in the PUPP intervention protocol. 

Participants’ living environments, including sleeping surfaces and bathing and toileting 

facilities, were frequently suboptimal for maintaining skin integrity. For example, one 

participant lived in a garage and showered with a hose in the backyard. In such instances, a 

significant portion of intervention time was devoted to securing resources for home 

modifications and equipment purchases. In some cases, changes in participants’ life 

circumstances pre-empted planned intervention activities altogether and shifted the focus to 

crisis management, such as when a participant was incarcerated or became homeless during 

the intervention period.

Because some participants were involved in high-risk activities or resided in high-crime 

neighborhoods, safety concerns added a layer of complexity to study execution. Our team 

addressed these concerns by sending staff to participants’ homes in pairs whenever possible, 

scheduling appointments during times (morning and early afternoon) when crime rates are 

lower, and having on-call support available whenever staff were in the field. These 

strategies, though effective, required additional time and personnel to execute.

Delivery of complex interventions such as PUPP, particularly when they are individualized 

and permit a degree of flexibility, can be difficult to standardize. A balance between 

protocol adherence and clinical judgment must be maintained [70]. We achieved this 

requirement through two strategies. First, the six intervention modules served as a toolbox 

demarcating the core components of the intervention and the range of appropriate content, 

and provided troubleshooting guidelines. Second, interveners were expected to adhere to a 

set of theoretically grounded, overarching principles related to pressure ulcer risk when 

tailoring the sessions to be participant- and situation-specific [40]. As an illustration, one 

principle specifies that risk is heightened by change or disruption in routine [39, 40]. 
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Accordingly, interveners were trained to anticipate, notice, and attend to events such as 

equipment breakdowns, resignations of attendants, or sudden homelessness, and then 

incorporate the appropriate module content in intervention delivery in a responsive and 

timely manner.

Although a labor-intensive effort was required to ensure that the PUPP intervention protocol 

was delivered in a consistent manner, our ongoing fidelity monitoring facilitated 90% 

participant adherence to the number of treatment sessions, and satisfactory adherence of 

interveners to the protocol in 98% of observed treatment sessions. When satisfactory 

adherence was not achieved, an intervention supervisor provided individualized feedback to 

the intervener to counteract further protocol drift. Additionally, protocol requirements 

continually were reinforced at interveners’ weekly supervisory meetings.

Finally, given the ethnic composition of the participants, the intervention components had to 

be translated into Spanish and be culturally sensitive. Therefore, we employed systematic 

steps that replicated the approach taken in our previous studies [10,71] in which culturally-

relevant themes and considerations were embedded in the intervention protocol. For 

example, as many Hispanic participants expressed guilt (“pena”) about receiving an 

entitlement, they were reluctant to question a health care worker. The therapeutic strategy 

for promoting self-advocacy therefore was modified so that a culturally acceptable style of 

interaction for such situations could be practiced and eventually enacted in clinical 

encounters.

Randomization and assessment challenges

The first methodological challenge pertaining to randomization and outcome assessment 

resulted from the fact that the spinal cord injury population is heterogeneous; factors for 

which there is variation often are correlated with outcomes of interest. For example, whether 

a spinal cord injury is complete (i.e., the spinal cord is fully severed, with no sensation or 

movement below the level of injury) or incomplete (i.e., the injury is partial and some 

sensation and/or movement is retained below the level of injury) is one factor which 

significantly influences pressure ulcer risk [72]. Periodic monitoring for participant 

characteristics revealed that, despite the randomization process, after 104 participants had 

been randomized those with incomplete injuries were highly overrepresented in the control 

group (p<0.005 after Bonferroni adjustment). Because unbalanced distributions of known 

outcome determinants can create a risk for significant error in RCTs [73], after consulting 

with our DSMB and receiving IRB approval, we altered the randomization scheme in 

accordance with guidelines from Kendall [74] such that new participants with complete 

spinal cord injury were assigned to the control group with a higher probability than to the 

intervention group. This adjustment resulted in intervention and control groups that did not 

differ significantly on any baseline variable (all p-values > 0.10). It should be noted that in 

data analysis we will use bootstrapping to ensure robustness of the stratified outcomes to 

account for this change.

A second challenge arose from inconsistencies in how pressure ulcers routinely are assessed 

and documented clinically. Although we expected identification of serious (Stage III or IV) 

ulcers to be straightforward, previous research indicated that staging accuracy is fairly poor 
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[34]. Additionally, chart reports sometimes did not distinguish between pressure-related and 

diabetic wounds, designate whether ulcers were new or previously documented, or indicate 

clearly where on the body ulcers were located. We also found that participants frequently 

underreported the presence or severity of an ulcer because they had not detected it, could not 

accurately gauge its severity, or deliberately refrained from disclosure.

To ameliorate these problems, we initiated a process through which two blinded, study-

employed nurse wound specialists independently integrate the various data sources to obtain 

a single, comprehensive ulcer index. Their assessments are reviewed by our Ulcer 

Reconciliation Team of three blinded PhD-level evaluators. Occasionally cases are referred 

to a leading wound care specialist for additional evaluation. The final assessment is based on 

a unanimous decision.

Potential inadvertent contamination of the control group

In designing the study, we had not considered that the quarterly telephone interviews, in and 

of themselves, might function as an “intervention” in that asking questions could alert 

control group participants to pay increased attention to the integrity of their skin and to act 

when such integrity was compromised. However, in preparing our DSMB reports, we 

noticed that the overall rate of serious pressure ulcers (we were blind to group allocation) 

was much lower than expected, 0.53/participant/year rather than the 1.33 calculated from 

our preliminary chart review of the ulcer rate in the target population. One possible 

explanation for this discrepancy was that the quarterly telephone interviews inadvertently 

were reducing the incidence of ulcers in the control group. Previous studies provide 

evidence that interventions delivered primarily via telephone can produce behavioral change 

[75]. This hypothesis was supported by feedback the Project Manager received, which 

indicated that participants whom she knew were in the control group were thanking 

telephone interviewers for the ongoing “assistance” they provided to participants.

To understand the extent to which telephone calls were operating as an “intervention”, we 

initiated a concomitant prospective cohort study of 70 participants comparable to those in 

PUPS, in whom we are evaluating serious pressure ulcer incidence during a 12-month 

period with no interim study contact. Thus, we expect to be able to determine whether there 

is a significant difference in incidence between the cohort sample, PUPS intervention group, 

and PUPS control group.

Discussion

We confronted many challenges while conducting a methodologically rigorous RCT of a 

complex individualized intervention with underserved and ethnically diverse participants in 

a community-based setting. Challenges we have discussed, along with the solutions we 

adopted, included recruitment, randomization, retention, intervention delivery and fidelity, 

outcome assessment, and inadvertent contamination of the control group. Given the human 

and economic costs of preventable conditions such as pressure ulcers, and the dearth of 

ecologically valid, cost-effective interventions to address these and many other health 

concerns, such studies are an important undertaking.
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Factors to consider in implementing trials of individualized, multicomponent interventions 

include selection of intervention components; procedures for individual tailoring; strategies 

for fidelity monitoring; approaches to blinding investigators and staff; and analytic plans to 

evaluate the underlying mechanisms of the intervention [7,76]. Careful forethought with 

regard to these issues, and real-time responsiveness as the study unfolds, should help to 

enhance the methodological rigor of the study as well as its external validity and potential 

for future translation and dissemination.

Lessons Learned

A unique strength of PUPS is its inclusion of a large racial/ethnic minority, 

socioeconomically disadvantaged sample, in response to a call to reduce health disparities in 

the United States by including underrepresented minorities, underserved and typically 

higher-risk groups in controlled studies [77,78]. The National Center for Medical 

Rehabilitation Research launched an initiative to encourage participation of individuals from 

racial/ethnic minorities who have disabilities in clinical trials [3]. While research on 

underserved and minority populations is sorely needed, there can be difficulties in 

recruitment and retention of these populations. Therefore, we employed recruitment 

strategies identified as effective in systematic evidence-based best practice reviews [78–80]. 

As it has been observed that minorities are overrepresented among study dropouts [81], we 

sought to minimize attrition by employing a multifaceted approach consistent with a 

comprehensive retention plan developed in our previous research [82]. This plan contained 

numerous evidence-based strategies to address individual, cultural, and general factors likely 

to affect retention [78].

As observed by Wittes [83], the primary aim of a clinical trial is to maintain statistical power 

and clinical applicability, while maximizing internal validity. As such, midstream 

adjustments to the study protocol may be appropriate when they can be accomplished 

without jeopardizing the ability to infer treatment effects. In our study, the failure of 

randomization to control for an extraneous variable which may be causally related to the 

study’s primary endpoint called for such an adjustment, as it threatened our ability to 

interpret the study findings. Our decision to alter the randomization scheme came after 

careful weighing of the advantages and disadvantages of this and other approaches and 

consultation with outside experts in clinical trial design. As should be the case whenever 

such action is taken, this decision was made by investigators with no knowledge of outcome 

data. In contrast, we did not alter the schedule of the telephone interviews based on our 

suspicion that they inadvertently led to reduced pressure ulcer rates in the control group. 

Instead, we initiated the concomitant cohort study to answer this scientific question without 

jeopardizing the validity of the RCT.

Limitations

The challenges we experienced in conducting a large-scale RCT of an individualized, 

multicomponent, psychosocial intervention are most relevant to researchers embarking on 

similarly complex trials, and less germane to researchers evaluating relatively 

straightforward and structured treatment protocols. Similarly, the demographic 

characteristics of our study population introduced challenges in implementation that may not 
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generalize to more advantaged populations, or those with less heterogeneous medical 

conditions.

Conclusion

Conducting rigorous appraisals of complex non-pharmacologic interventions among 

underserved diverse populations is a challenging undertaking, which requires flexibility in 

identifying potential adaptations within all major study phases (recruitment, intervention 

delivery, assessment, etc.). However, there is a pressing need to evaluate the efficacy of such 

preventive and rehabilitative interventions [1–5]. We have outlined strategies to circumvent 

problems encountered in the execution of one such study, with the aim of facilitating success 

among researchers carrying out this important work.
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Figure 1. 
Assessment Procedures by Study Month

PUPP = Pressure Ulcer Prevention Program

X = Administration of assessment battery and skin checks

T = Healthcare utilization telephone interview

C = Chart review

S = Skin check
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Figure 2. 
Mediation Model of Intervention Effects
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Table 2

Existing Measures of Secondary Outcomes in the USC Pressure Ulcer Prevention Study

Construct Instrument
Total number of 

items

Social Support Interpersonal Support Evaluation List (ISEL) [61] 6

Knowledge of Ulcer Prevention Pressure Ulcer Knowledge Test [13] 14

Performance of Preventive Behaviors Garber Procedure for Assessing Performance of Preventive Behaviors [26] 10

Health-Related Quality of Life Adapted Research and Development (RAND) 36-Item Health Survey 1.0 [62] 36

Life Satisfaction Satisfaction with Life Scale (SWLS) [63] 5

Thinking and Memory Short Portable Mental Status Questionnaire (SPMSQ) [59] 10

Readiness to Change Adapted Stages of Change Measure [60] 6

Self-Efficacy Adapted Moorong Self Efficacy Scale [64] 27

Drug and Alcohol Use Adapted Cut Down, Annoyed, Guilty, and Eye Opener (CAGE) Questionnaire 
[65]

11

Depression Quasi-Adaptive Short Form for the Patient Reported Outcomes Measurement 
Information System (PROMIS) version 1 Depression Item Bank [66]

5
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